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PREt'A.CE 

niiE aim of this small book is to doal witli 

recent developments in })yn)metiw(; apj)liiin(‘es and < 
to indicate the methods in nse for ealihrating 
Umipy’ature-measuring instruments. 

It is ho]#d that it may serve as a' eonneeting link 
he^\feen the textbooks on heat on tlu^one^iand and 
the advanced treatises on ])yrom(‘try on the other. 
Hence the writer* fias adojded the plan of inserting 
at the beginning of each chapter r(i(‘rences to 
particular sections ot||standard ft'xt books on physics 
wh(‘re the introductory matt(*r may Ik* found, and 
a list of ])ublished r(‘ports and tre^ises on pyronadry 
is given in the^appendix. 

Jn selecting instruinen#M-fm‘ descriptioiHiji those* 
pages attention has^beyn given to outlit^ii dps.^n^^ 
to meet noV(‘bftHj[uii*cmeuts. in the* hope th^ ><ueh^^ 
instrmmmts will sugg(‘st to tlM**ieader ;t solution of 
the particular problems with which he* has to 
cont^md. 

It if, of course*. assinne*el tl^at the reader has access 
te) the catalogues etf tne manufacturers of theTiiio- 
meters anel })yre)ln(‘ter^^ sej ele*taile‘el acce)unts of the 
many forms of tedal radi’fttiem and the*rme>-ele^ctric 
pyrometers have bee*n eunitteel. 

It has been thought fit to cemfine the eli.scu.ssion 
of optical pyrometry to e>ne type eif in.strument, and 
tnat the .simplest me'chanicjilly, for it is regally 
astonishing to find what a high d(‘gieo of accuracy 
caif b^attalneel with tln^disajipearing filament ty{)e 
of pjTromeler wd)4*n used with due care. 
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CHAFfER I 

Tf:MrERATURE SCALES 

IjfTnoDUCTOKY niat#oj^on tlio gnw th('nnoin<‘l<>r and tin' roaliza- 
tion of the workuii? 'icalo will be fotiml in the following : 
Kdser’s HexU, pp. IdO to 112; WatMin'rt Tcxlhooh of Physics, 
u. 221; Duncan and Starling’s Phi0icM, p. 40^; Watson's 
Intermcduife Physic/,, p"l 14 ; (IriHitlis’ Methods of Measuring 
Te.mper(iture, Chap. 1. 

In iiulustrial ojicrations t('ni])(‘:4ftur('s are mea- 
sured ranging iFrom - 200 ' (\ to -| .‘1,000" and 
necessarily many diverse t^)es of iustrimuMits liavo 
to be employed. Hence it is a imitter of ])nram()^fnt 
importance that all temperature-measuring a])pli- 
ances should be based on a eonsist(*rit scale of 
temperature. ^ 

Tht^tantlard scale of temptu-atiffe universally 
accepted at the prescivt tim^‘ luis been arrived at 
by a process of gradual evolution. 

One's ideas of temperature measurements are 
inseparably associated with the mercury thermo- 
meter and the notion is common that the mercury 
thermometer is a fundamental standard. Up to 
fo|ty years ago it was certainly the most (MJiiveniont 
means of obtaining a practical scale over the limited 
rangp in which it waa ^usable. Nowadays it is 
accepted as being merely an empirical instrument, 
for it has been demonstrated that a scale ba^d on 
a gas thermometer, using a stable gas suth as 
1 
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nitrogen, possesses great advantages in range and 
independence of •the intrinsic properties of the 
envelope. 

Lord Kelvin, by an ingenious piece of theoretical 
reasonirjg, base^l on the laws of thermodynamic^, 
showed how it ^as })ossible to define ^ scale of 
temperature which would be independent of the 
properties of any i)articular substance, ai\d that 
this thermodynamical scale could be realized from 
the scale giv^^n by a gas thermometer, if by sub- 
sidiary experiments certain smaJJ <3orrections were * 
obtained. 

Later re.searchet^ have connected up the Kelvin 
scale with the heat and ligAt emission from *hot 
bodies. This has rendered jmicticable the measure- 
ment of the tenVperature of hot bodies from their * 
heat emission. * 

Thusf all tem])eratur«i^measurements can be re- 
ferred to the one basic scale, and it is immaterial 
whether the ob.servations are made with a resistance 
or a heliuirl thermometer at low tcmj)eratures ; with 
a mercury thermometer at ordinary temperatures ; 
with a therm«»element }it Jtigher temperatu^ ; or 
with a total radiation^or optical ])yrometer, at the 
highest temperatures ; they will all give identical 
values over the range they (overlap. 

It might be approprijfte to quote here the speci- 
fication of the temperature scale given in the test 
pamphlet of the Physics Department of the National 
Physical Laboratory — 

The “ Internatioi^ Temperature Scale. 

ImmfHiiaUily prior to tho war|^n attempt was made to «Tivc 
at international agreomont as to thc»- adoption of gt stAndmd or 
fimdamental tem|)eraturo scale by the th|pe national standard- 
i*inglalt)rntorie8 — the National piiysioal Laboratory, the Bureau 
of Standards, Waslungton, and the Reichsanstalt. The outbreak 
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of war prevented formal acceptance of the ccntiprado thermo- 
d>ma/Ric scale as the “ international ” 8cdlc of temprraturr. This 
scale has been adopted in the meantime at the National Physical 
Laboratory. • • 

Lord Kelvin showed long ago the theoretical advantages of 
thormod 3 maraic (or absolute) wale, and that a pTfect gas 
(i.e. one which obevs Boyle’s law and sii^rs no tehi|)ernliire 
change whet^ subjected to free expansion MTih no external work) 
wouhi give a scale identical with the thennodynamie. The 
practical advantage of the thermodynainie scale is that the 
high tcncii^rature scale evaluated on the basis of the laws of 
radiation is consistent with that of the gas thermometer at lowi'r 
temperatures. • % 

To promote the general uw of the sanu' tcmjwTature wale in 
lioth scientific and ti%) list rial circles, tin* following altiTiiative 
methods have b(*en agreed as a means of attaining a “ practical 
«cale ” of tcrniierature which approximates to the tlag'inodynanuc 
scaloi A atatemi'iit of tlaf exact relaf loftslnp Ix'tween the two 
scab's 18 deferred until a suflieient degree of conconlam’e has lx*en 
roaelKxl m the Mica.Hurement8. 'I'hcre is, however, every reason 
I to Ix'lieve that the practical wale over thpraiige (T to l(M*‘’('. 
agrecH within the limits of e\|H*riniental error with the hydrogen 
scale of the Intenuttiotial Bureau of Weights and Measures, 

(а) The H}f<lro(fcn Scale. In •ite interval Ix'tweciratl' and 
100" C, the practical wale is rcali/ed with the exactness recpiijx'd 
for work of the highest precision in the wale of the const a?i1- 
volume hydrogen thermometer, having for tixed points the 
totn|)orature of pure ice melting undcT' normal 'litmosplicne 
pressure (0°(’.) and that of the vapour of <|istillcd water in 
ebullition under normal atmospheric pressuie (KM^f’.). 

(б) T^( J*lah^ium-rcHifiian<r Thermonutt r Scak* In t he interval 
Ixjtween nie freezing jxmit of mercurx and the boiling point of 
sulphur the practical scale ih reahi#d with sullieieiit exactiiesH 
by the platmuni-resistance tlKTinoineter standardized aft the 
t<>mj>eraturc8 of melting ice (O'^C.). of the vapour of water boiling 
under normal afmoHphcric pressure (l<Kt"(’.), and of the vapour 
of sulphur boiling under normal atniOKplierie pressure in a 
specified form of apparatus and under .speeifksl conditions. The 
tornperature of the vapour under these conditions is to lx» taken 
as 444'.'j° C. The temfierature t on the international wale is 
decreed from the resistance of the platinum therjjriometer by 
the xormula- • 

•'-'r .'[(w/ 'iiV] ->'(<*>00) lo-' 

where - 100 x (/? • ^o)/f/?i<Ki - {Liw 

the obeerved resistances of (he thermometer at temperatures 
(^ 0" and 100® respectively. The platinum of whiOT the 
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thermometer m made shall be of such a degree of purity that the 
value of d in this equ&tion shall not be greater than 1-52, and 
RiaJRg shall not be loss than 1-386, 

The boiling* point of svlphur at pressure p millimetres is 
connected with that at standard pressure, 760 millimetres, by 
the formula — r * 

I ' 444-5 + V)»08 (p - 760) - 0-000047 (p - 760)* 

(c) Tfip Fixed Point Scede. The practical scale is also realized 
with sufficient exactness by the use of the following fixed points, 
in addition to the three fundamental points above specified— 

Temperature on the 
Centiijrade 

flilermodj/uarnic Scale. 

Boiling point of oxygen lS2-9°5 +0-01258’ (p - 760) 

« .. 0-0()00071)" (p ~ 760)* 

„ ,, carboA dioxide 78(i’ f 0 01595" (p-‘-760) 

-0-00001 1 r (p-760)* 

Freezing point of mercury - 38-88" 

Transformation poif^ of soilium sulphate 32 38’ ' 

Boiling point of naiihthalene 217-9"^ + 0-058 (p -760) 


„ „ beiizophenone (pure) 305 9" + 0-063 (p - 760) 

Meltmg^r freezing point of-if* 

^ Antimony 630° 

Silver (in a reducing atmosphere) . 961° 

(Jold . 1.663° 

Copper*(in a reducing atmosphere) . 1,083° * 

Fixeil points of the second order are provided by the melting 
or freezing points of - i 

Tin •p . . 331-81* 

(Vlmium . 320-9 

Zinc . . . . 419-4° 

• Common salt (pm-» ) .801° 



CHAFfER II 

EXmNSIOX THERMOMETERS ^Nl> THEIR 
CALIBRATION 

Merciiry-iii-6flass Thermometers. 

The outstanding ineinlier of this class is the Inorcury- 
* in-glass therinoiftt^er. The amount of thought and 
ingenuity which has been expended on the develop- 
ment of this instrunn'iit is truly stufieittlous, and 
as the result of it, a well made mercury thermometer 
with a range from 0' to 1(K)‘^ (’. should read correctly 
’ at all points of the scale to uithin tfoo" (’.♦ 

When horosflicate glass is emjiloyed in the con- 
struction, and the space af^ve the mercury I'olumn 
filled with nitrogen under a pressure of about^l5 
atmospheres, the range of the me/curv thermometer 
can be extended up to (\ It musC however, 
be realized that th(*se tempmatures impose a severe 
strains (|ti the instrument and ex[Kmupe to the higher 
temperatures for e veil, a miideraU* length of time 
results in a change of zero of the instrument, which, 
in a well-annealed instKiment, may not amount to 
more than * 

There is no doubt that these temjxirary changes 
of zero would be considerably reduced if it were 
p^^ble to employ fused silica instead of boro- 
silicate glass for the envelope ; but up^to ^^le present 

* falorimetrio thermometer^with a range of 13° to 20“ C. 
and AulxUvidacl to 0-01“ C. can bo obtained with a correction at 
no part of the Hcaleeexceeding 0 01“ apart from zeijo error, 
which ia immaterial when temperature differences onl;^are to 
be measured. * 

6 
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the practical difficulties attendant on the wotking 
of silica and the marking of the graduations have 
limited the utilization of this material. 

Calibrat^n of Dlercury Thermometers. 

The old meth(Td of obtaining corrections to the 
readings of a mercury thermometer by a point by 
point calibration of the bore of the ci\pillary, and 
the determinjiition of the ice and steam points, is 
now obJolete, 'J'he mercury thermometer is a 
purely empirical instrument and*tlie errors of a 
particular instrument can best be obtained by direct 
comparisoh with a standard, This is the prac/dee 
adopted in all national standardizing laboratories 
at the pre.sent day. 

The master stjuldards are a .series of thermometers 
whose scales have been obtained by the procedure 
indicated in Chapter I^iinder the heading: “The 
Intt^^rnational Temperature Scale.” 

Determinafion of the Zero of a Thennometer. 

Whatever range of t«mi)^rature the thermometer 
is designed to measure the scale should 'a*lways 
include the 0" 0. point?, as then it will be possible 
to kt^ep a check on the permanency of the calibration 
of observations taken in^mefting ice. 

In the best class of in-strument, a short length of 
the scale round about O’’ C. is engraved, and, if 
necessary, the expansion of the mercury between 
this temperature and the commencement of tike 
working rang^. is taken up by a small subsidiary 
bulb. In taking the ice< point, the thermometer 
should be immersed in fine ice shavings,* moistened 
with -iistilled water, with the top of the column 
showiiig. 
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Fi^ 1. 

Water. Bath fob Comparison op Thermometers 
BE- njEEN 0" C. AND 100“ C. 
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Comparison with a Standard between O'" and IQP*' 0* 

These comparisons are effected in a well stirred 
water-bath,* constructed as shown in Fig. 1. It 
consists of two vertical tubes cross-connected 84^ 
their upper and* lower ends so as to afford a circuit 
for the water. • 

The circulation of the water is produced by a 
propeller working in the left-hand tujio. At the 
bottom of thi^s tube are situated the electric heaters, 
the thermometers being situated in the larger tube. 

The heaters are nifule by winding nichrome tape on 
mica strips, which are made a tight fit in thin copper 
envelojK‘s‘ projecting uj) im.o the tube ; their 
open ends being soldered into the base of the tube. 

By keeping tjx^ thermal capacity of the heaters 
small, it is possmle to obtain very /juick response 
to the current regulator - so that when the tempera- 
ture of* the bath has vef^' nearly reached the point 
at ‘Svhich an intercomparison of the thermometers 
is desir('d,^all thatiis necessary is to cut down the 
energy supply to the extent that will just suffice 
to produce a very sm%ll rjsing temperature. The 
conditions become sufficiently settled for tt"set of 
observations to be taU.ni in •about a minute from 
the histant of cutting down the electrical supply. 

O 

Comparison with a Standard over the range of 100*^ 
to 200" C. 

In principle, the baths employed for this range 
are simila^-, to the water-baths, but cotton-seed lai 
is employed pistead of water, and gas heating is 
substituted for electrical l^ating. e 

The bath is contained in an enclosure of the form 
shown^iii Fig. 2, which represents a molten salt 
bath, described later. 
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limb containing the thermometers is lightly 
insulated with a layer of asbestcls cord to prevent 
hot spots. 



Fio. 2. ^ 

Molten-salt Bath for Comparison of Thkrmomkters 
BETWEEN 200' C. AND 450'"^. 


To obtain full immersion of the thermometers, it 
is necessary to m&intain the oil level up to th^ plate 
oanying the thermometers, and the expansioil of the 
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oil with increasing temperature is allowed for tjjr the 
introduction of an overflow pipe at this level, 
(/omparison^of thermometers can be carried out most 
conveniently at successively higher temperatures, 
then it i^s only necessary to fill the bath at the lowest 
temperature, and let the overflow take oare of the 
expansion. 

Ciomparisons with a Standard over ther range 200° 
to 450° C. 

The bath employed in this raqg^j differs slightly 
in details of construction from the preceding. The 
working-fluid u.se(|, is a mi.\f;ure of sodium f.nd 
potassium nitrates in equal proportions ; this mix- 
ture is sufficiontlv fluid at 200 ’ C. to allow of efficient 
circulation. ^ ^ 

The bath is made of cast iron of the form shown 
in Fig. 2. The thermoi<ieters cannot be immersed 
dirsctly in the fu.sed salt owing to chemical 
reaction which takes placa' between molten nitrateg 
and the glass. Hence, thin-walled steel tubes are 
used which are carried from the lid of the bath. 

It will be observed that* the circulation^.(tr hot 
gases is so arranged thak the Jipating and consequent 
fusiop of the salts take place at the top initially and 
extends downwards. Tliis ic, done because lieating 
a salt bath from the low<?r end generally results in a 
fracture of the casting on account of the expansion 
of the salt on heating. 

Salt Bath Fitted with Induction Heating System.*^ 

A bath usifig the san^ working- fluid as t^at 
employed in the bath de.scribed above, hut having 
a diffei;ent method of heating, has*been designed by 
Messrs# Fa wsett <fe Parry of the Newcastle -upon-iyie 
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Electric Supply Co. , Ltd. One limb of a transformer 
is linked through the hath as shown in Kig. !1. In 



Molten-salt Batu Heated bv 

- ELKtTROMAONETK’ iNDTiTION. 

the^apparatu.s illustratecL a potential difference of 
440 V. is applied to the coil, the latter being well 
insulated electricftlly from the bath, whiclj^is of 
welded steel. • 





F^a. 4. 

COMI’OJJENTS OK RIOLTK^ -METAL 13aTH FOR 
Temkkbaturks Fm)M 105® C. to 540® C. 


consider that the arrangement is ideal, but it serves 
its purposcpaiid is reasonably efficient. 


Kotten-metal Bath. 

A useful high-temperttmitj oavjii nas oeen de- 
velop^^ by Messrs. Negretti & Zambra. In this bath 
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a molten alloy is employed as fluid, whicli permits of 
the direct immersion of the theriftometera in it. 

A view of the component narts of one of those 
^laths is shown in Fig. 4, whilst the com*plete unit is 



Fk;. 

I'Xtkknai. Vikw of Moi.tkn-mktal 
Hath (’omixktk with C'ahk. 


illustrated in Fig. o. The pots are of* steel, oxy- 
acetylene welded. The inner pot •containing the 
molten metal is cylindncal, and at the top of it 
there is a centrifugal pump, so that the molten metal 
can be drawn up from the bottom of the pot 
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a semi-circular shaped^^ tube 
running down the whole 
^length of the pot. The 
centrifugal fan is 1| iij. 
diameter, with eight curVbd 
vanes welded on, a»d the fan 
overhangs the bearings to 
some extent, so that the bear- 
ings are not operating in the 
molten metal. The diameter 
of the pot^ is 2 in. and the * 
length 12 in. Surrounding this 
pot is space f)f | in. for 
taking the hot gases from the 
burner. These hot gases 
surround the pot and have 
their exit near the pump. 
Th/ whole apparatus is 
lu'avily lagged on the outside, 
and enclosed in a mahogany 
box. 

The gas burner calls for 
soflie Comment, as- itds of a 
co^ieentnc form, with a pilot 
jet iji the centre. Two needle 
valves control the gas supply, 
once leading to the pilot tlame 
and the other to the main 
burner. In operation, it is 
possible to adjust the pil^t 
flame so that the temperature 
is maintained constant, ^nd 
the nVain jet is used for heat- 
ing the bath rapidly. A needle 
valve also controls the supply 
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of water through a heavy gauge steel dibe, which 
runs Sown the bath and out agam to waste. This 
is used for cooling purposes. 

With regard to the metal listed in thd bath, this 
ilrfin alloy of bismuth, antimony, and lead, with a 
melting point oi 105“^' C., and it n^W hdiU'd to 
a temperature of 040 ’ C. This alloy expands in 
setting ; if it expanded on melting there would be 
a possibility •of bursting the j)ot. In the design of 
this apparatus, it is very im[)ortant that tlu surface 
•metal sliall not U' broken u}) unduly when the jiump 
is in o})eration, otlierwise the metal will oxidize and 
(!ake uj) very badly. 

Comparisons with a Standard Below 0^ C. 

* lntercom))arisons at temperatunv^down to about 
- SO^ C. can conveniently be carried out in the 
ap})aratus* shown in Fig. d. 

The vacuum-walled enclosure contains acetone or 
ether, w’hich is cooled down by the introduction of 
carbonic acid snow. The licjuid niiist be "kept frw 
from moisture, otherwise at low temperatures the 
moistir^ separates out fis i(^‘ cry.^'tabs and rt'nders 
observations difficult . The liijuid is stirred con- 
tinuously during the intercomjiarisons hy air l^ub- 
bling through it. or by lyeans of a propeller (‘uclosed 
in the central tube as sliow iw 
Temperatures below - 38 ('. an^ measured by 
pentane-in-glass thermometers, an<l with such 
tl^rmometers care has to be taken to lower 
the temperature very gradually, othefwise the 
viscous pentane adhering to the Vails of the 
capillary m^y introduce ^lite serious errors in the 
observations. • 

• Ttaw. Fauulay Society, Vol. XVII f, 2, 1922 
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The fixld points enumerated in Table I are 
available in this legion — 

I , TABLE I 


Fixed Points Available for Thermometer Calibratioji 
Below 0° C. » 


Frop/.inp Point of 

Tomperaturo on Scale 
of Helium Barometer. 

Carbon totraolilorido 

- 22 !)° 

Cliloijobonzipno 

45-2° 

Chloroform . . 

- r):) r)° 

Ethyl Hfotato . . . . | 

- 8:M)° 

Carbon disulphulo , . j 

iii«° 

Ethor (Htablo form) 

11(5-3° 

„ \nn8tablo form) . 

123-3° * 

Mcthylcy(;lohoxano 

12(5-3° 


It is stated lliiat samples of the above materials, 
for use in thermometer standardization, can be 
purchased from the Belgian Office of Physico- 
Chemical Standards, Brussels. 

Mercury 33iermometer Adapted for Measuring 
Sudace Temperatures. 

To measure with any -degree of aecur^C/y the 
surface temperature of an object is by no means a 
simple matter. The 'usual* practice in laboratory 
investigations is to use a thermoelement riveted to 
the surface. Sometimes, however, it is impracti- 
cable to set up a thermoelectric installation and 
approximate values are sufficient. Messrs. Negretti 
& Zambra have so arranged the mercury-in-gl^ 
thermomover that it can be used for the measurement 
of surface temperatures. * 

Referring to Fig. 7, tSie. bulb is enclosed in a 
closely fitting copper sheath, produced by electric 
deposftion, and to this sheath is attached a flat 
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' Fio. 7. 

Spscial Thermometer for Mearurino the 
Temperature of Feat Surfaces. 


2-<5380) 
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copper plate to ensure good contact with the sejirface, 
while a shield of thin copper serves to minimize the 
loss of hea^t from the bulb. The shield is attached* 
to the thermometer by means of a spring in such, a 
way tljat, when the thermometer is in contact \!^th 
a plane surface, the ])eriphery of the shield also rests 
on the surface and screens the bulb, thus reducing 
both the radiation and convection losses. 

By the courtesy of Messrs. J^egrctti & Zambra, 
the author is able to quote the results of a series of 
tests of one of these instrumems, made at the* 
National Physical Laboratory. The tests were made 
on three 'surfaces i-copper, ir jn, and uralite respect- 
ivoly—each uniformly heated, and the temperature 
measured by Ricans of thermocouples let into the 
surface in close proximity to the bulb. 

Jn the first series of experiments the thermometer 
was left in contact wi^^l the surface, and a com- 
j)arison was made between its readings and those 
of the thermoc(yiples for a number of steady 
temperatures up to 300*^ C. In the case of the iron 
and copper surfaces, the temperatures recorded by 
the thermometer were foiihd to be correct '^to the 
nearest rf (1 Jn the case ,of the uralite surface a 
simdar agreement was found between the ther- 
mometers and a thermocouple let in flush with the 
surface and immediately under the thermometer 
bulb. The readings of the thermometer were, how- 
ever, considerably higher than those given by the 
three thermocouples let into the surface close cto, 
but outsi3e, the area covered by the shield. Thus 
when these fliermocoup^Js read 135‘'C. the ther- 
mometer recorded 155'^ C. The probable explanation 
of thw difference seems to lie in* the fact that the, 
shieta of the thermometer reduces the heat loss ftom 
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the pwrt of the area which it covers, with the result 
that owing to the thermal conductivity of uralite 
' being low, an appreciable rise d temperature occurs 
a( this spot. This view is confirmed by the observa- 
tidhs, described below, on the effect of bringing the 
thermometer info contact with a* uralite surface 
which had attained an equilibrium of temperature, 
and it suggests that the thermometer is not well 
adapted for giving the true surface teny)erajurc of a 
^material of low conductivity. 

Tjog of Thermometer and Effect of Shield. A further 
series of experiments was made with a view’ to testing 
the ‘lag of the thermometer when broflght into 
contact with a surface which had been maintained 
,for some time at a constant tcmij^raturc in the 
neighbourhood • of 150'' (\ The contact of the 
thermometer produced a^ first a local fall of 
temperature, the minimum*being reached within a 
minute. In the case of each metal surface the fall 
of, temperature in the region of, contact . was less 
than 5° C. The surface quickly regained its former 
temperature, and the thermogieter registered its final 
value Vithirt three or four minutes froitf first contact. 

In the case of the uraJite surface the thermocouple 
under the bulb fell in temperature 25“ C. and Ihon 
rose to 20° C. above its* initial reading. The ther- 
mometer appeared to register its final value within 
ten minutes from first contact. 

As suggested above, this local rise in temperature 
is probably to be accounted for by the reduction of 
heat loss due to the thermometer sljield, coupled 
with^he low conductivity ff the uralite. The effect 
due to the •shield was confirmed by removing it, 
while the thermofheter was in contact with, the 
uralite surface. The result was found to be^that 
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the temperature pf the surface under the bitlb fell 
20° C., while the temperature recorded by the 
thermometer fell 30° (I The error of the ther-* 
mometer was thus increased by 10° (.■. The eff^t 
of removing the shield was also tried in the case of 
the co])per surfiice and was found to produce a fall 
of only 5° CJ. in the reading of the thermometer, 
while the tem])erature of the surface regained steady 
at 150° C. ,lt should be mentioned that in the 
experiments above described the surfaces of contact 
were kept clean. The presence oxide inevitably 
increases the lag of the instrument. 

Effect %f Air (Barents. A*current of air nnwing 
at a rate of I ft. per second was allowed to impinge 
on th(^ co{)pe%^plate and thermometer when at a» 
steady temperature of 150 The, draught caused 
the temperature of the ^)late to fall, and when the 
equilibrium state was reached it was found that the 
thermometer was reading low by 5° V. 

Coiiclutsloths. (J) The thennometer appears .to 
afford a satisfactory means for measuring the 
temperatures of plan^ metal surfaces. It is less 
satisfactory Ibr surfaces of low conductivil^.* 

(2) The lag of the tteTUKwneter when brought into 
contact with a metal plate at a temperature of 
150° C., both surfaces of tcmtact being free from 
oxide, was found to l)e of the order of three or 
four minutes. 

(3) The effect of draughts on the reading of the 
instrumeijt is comparatively small. 

Thermometer* for Taking^the Temperature of ^e 
Surface of Hot Rollers.' 

A*jiodification of the instrument described in the 
preceding section, adapting it for the measurement 
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of tht^ temperature of the surfaec; of hot rollers, is 
shown in Fig. 8, which is self-explanatory. 

The three rollers on the friiine are ml justed so 
tkat the thermometer hull) just avouls contact with 



SvKC’iAL Tukrmometer voh Mkahurinu fHE 
SURKACK TKMrERAXrRE OF DRUMS OH^OLLEBS. 

the Mot roller ; this prevents the thermometer being 
heated by friction. The gilded reflector reflects on 
to the bulb the heat given off by the hot V«ller, 
whilst the externally polished nickel-plated reflector 
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prevents lieat radiated from outside bodiegf from 
reaching the thermometer. An insulating air space 
is pro vided*bct ween •the two reflectors. 

Transnytting and Recording Thermometers. ** 

Next to the *mercury-in-glass thermometer the 
most im[)ortant instrument of this class is the 
mercury-in-steel thermometer. ^ 



^’* 0 . 9 .. 

^TRANHMjrriNu ANi> RKc’oRDiNt} MuRinmY - in-Steel 
Thehmom^er. 


Tlie indicator in some of these thermometers is 
a Bourdon pressure gauge calibrated to read 
temperatures directly. 

To reduce errors due to varying temperature^of 
the capilfary tubing connecting the bulb and 
indicator in I6w range thermometers, this is made 
of fine bore tubing, so that its total .capacify is 
small ^compared with that of the bulb. In one 
instrtuient the temperature of the capillary i|i 
compensated for by introducing into the capillary 
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bore « number of lengths of “ invar ” ; the ratio 
of the diameter of the invar " wire to tlie internal 
’ diameter of the capillary k‘Uig so adjusted that 
tiie change in volume of the annular space is just 
equal to the change in volume of the mercury filling 
it. The correct* dimensions can b^ determined by 
calculations, assuming a knowledge of the eoeffieionts 
of ex}>an8ioq of the steel of which tlie capillary is 
made and of the “ invar.” 

^ It is equally imjmrtant to correct for cllanges of 
temperature of^he indicator itself, as th<‘rt' is an 
appreciable volume of mercury in the flattened steel 
tube, wound into a .spfral which operates the jminter, 
Tliis compensation is effected l)y connecting the 
, pointer to the free end of the coiledjpHulx' by means 
of a suitably shaped ])iece of bimetallic striy). 

The general constructitjfi of a transmitting and 
recording thermometer of t^ie m(‘rciirv-in'ste(‘l ty|)o 
is shown by Fig. ff. 

I^ts on Transmitting Thermom*eters. 

In addition to a calibration in a stirred liquid 
bath described whefi dealing wit Ip the mercury- 
in-glass thermo meter,, yi distant -reading instrument 
of the mercury-in-steei Lyya* should be subject^l to 
the following tests — • 

(1) The effect of temyfbrature clianges in the 

indicator. 

(2) The effect of temyicraturc changes in the 

otpillar}^ on the indications, the bulb being main- 
tained at a constant temperature. ^ 

(p) The effect of pn^^sure changes caused by 

altering the vertical distance between the indicator 
and the bulb. 

Usually, the indicator is situated in a ^ition 




(Crotm^ptrriirht.) 

Fir,. 10. 

TmdAi- Caiobbation Ci.'kve.s of a TRAsrsMi-rrifio, Capillar^'-type Thebmoj 
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wherOi the temperature Huctuations are compara- 
tively small, so it is the corrt'ctions due to (2) and (3) 
which need detailed study. altUough tlu^ absence of 
appreciable error, due to (I), needs veriHeation, 

% typical series of observations is shown diagram- 
matically in Fig.*l(). Tlie instrumeftt used for these 
observations had a ea])illary about 50 ft. in length. 

In the firs^t plae(\. a calibration was made with 
the dial situated at a heiglit of about 18 in. above 
the bulb, which was f\dly immerscal, together with 
about 0 in. of ^l*e capillary. Startiijg from the 
reading in melting ice the calibratio?i followed the 
linc*yl7i. Cl), EF. ♦ • • 

Secondly, the full length of the capillary was 
immer.sed in the bath ^\ith the bulb j|#!fl (‘.xposed to 
the sani(‘ temjajrature changes. 'Plie calibration now 
followed the lines (>JIK. ^ 

Thirdly, the capillary w<»s ])aTtly extended, and 
the instrument arrang(*d with the indicator at a 
height of 12 ft. above tin* bulb. The calibration 
line LMNO was obtained. 

Fourthly, the capillary was fully extended, and the 
instriifnfn"t*arranged with tiTe indicatwr situated at 
a height of 50 ft. abo^r^ the^bulb. The calibration 
line FQR was then oblamed. 

• 

Vapour Pressure Thermometer. 

This tyjie of thermometer is of })ractical interest, 
for it has been used very extensively for measuring 
tl^ temperature of the water in the radiators of 
aeroplane engines. It is also now being* used to a 
conyderable extent on ^notor-cars for a similar 
purpose. • 

It is of interest to note that Lord Kelvin deigned 
a thermometer operating on the vapour preswre of 
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mercury for the ipeasurement of temperature* from 
100° to 500° C., and described it in his article on 
“ Heat ” ift the JiJneycIopaedia Britannica, but the * 
instrument was not taken up at the time, 

A difigraminatic sketch of 
Kelvin’s vapour - pressure 



Fro. n. 

l)rAOH\MMATK' KkI'RKSKKi’ATION OF KkLVIN’s 
V^A l'Ol U FRKSSl, RK ThKRMOMKTKR. 


and the tube sealed. This eoliunn is water-jacketed 
to maintain it at a steady temperature. Below 
100° C. thg vapour pressure of mercury is too smull 
to be of service in this connection, but there are other 
liquids such as ether, wsCer, and sulphur dioxide, 
which can be used. 

A toical radiator thennometer is shown in Fig. 12. 
In tliw case ether is used, but a number of these 
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therniDraetiers have been made wi|h sulphur dioxide 
as working medium. 

It will be observed that tl»e readings are inde- 
pendent of the size or material of the bulb, and of 
the length of the^ capillary. The instrumentij do not 



Ki<i. 12. 

UAlUATOli^THKftMOMKTI K 
{ V’^A >‘<)r R • ruKMs r hk 1'y i ■ k ) . 

*• * 

require individual caUluation, and the dial indie|^tf}r8 
can be pointed in the tnanner adojited for pressure 
gauges. The scale, of coiAse. is net an (*ven one, 
as the vapour pre.ssure increases rapidly with the 
temperature. 

•In installation, care ha.s to he taken to avoid 
running the capillary too close to cxhIlu.Ht pipes. 
Th^ difficulty generally^ encountered with these 
thermometers is due to the presence of impurities 
in the ether, suchPas water. 



CHAFPKH lir 

TU KRMOKI.KCTRIC PYR0M^:TERS 

Introiujction : Kdscr’s Hrat , [)|). dO.*) 408 ; Watson’s Practical 

Phynictt, j). 504. 

It is a curious fact that when we enter tlie region 
above oOtP C. it is necessary to employ some form 
or other of electrical pyromett^', in which the 
essential element in the equipment is a sensitive 
moving coil instrument for measuring small volt- 
ages. It may safely he asserted that the advent 
of the millit^d^meter completely revolutionized the 
technique of high temperature measurements. 

Prior to the develo})me^nt of the sensitive moving 
coil instrument, with itsummunity from stray fields 
and other ailments, pyrometry had chiefly developed 
along the lines of^the (expansion ])yrometer. Tl^e 
pivoted galvanometer made possible the thermo- 
electric pyrometer, the resistance thermometer, and 
the various rjwUation p\h’onUters so extensively used 
at the present day. ^diese pyrometers, although 
funcla mentally different in principle, all involve the 
use of ])ractically the samtv grade of moving coil 
indicator. 

Principle of the Thermoelectric Pyrometer.* 

If the junction of a pair of two dissimilar met^s 
be heated,^ a difference of potential is set up and 

• Tlipso not OH, from pp, 28 35, pp. 40 to 40, and norts 

of pp. 81 to 102 inclusive, ore reproduced by peiTniasion Irora 
the author’s article on “Electrical Inetrpments for Industrial 
Measuroments,” first publishwl in the Beama Journal, Vol. X, 
p. 18, 4 8cq. The information, os now presented, has been 
revised and modified where necessary. 
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when^he circuit is closed through current indicator 
a deflection will be observed. The magnitude of 
this deflection depends upon* the nalnire of the 
metals, the resistance of tlu‘ circuit, and the 
sensitivity of the indicator (Fig. FI). , 

After a search in which a varfety of different 
alloys have been tried, })yrometcr manufacturers 
have settled idown to the use of one or other of the 
following combinations — 

, (1) Pkitinum ^(jainttf an Alloy oj Plaiinum ivith 

10 per cent Rhodiufn. This combination is a])plicable 
over a wide rang(‘ of temperature, the up])cr limit 
beihg about l.oOOM*. The K.A?.F. ,dcv(*lopc(l de- 
pends upon the individual couple, but the values 
in Table II are r(‘pre^(‘ntative 

* T.MU.K II 

E.M.F. J)KVKl.t)IM-,|) IIV I’l.xtjNI M I’l vn\< M M 

'I’uku'hx o( I’l K 


'I’emporaturi- of Hot .lunrtion. m.h.voIik. 

(Cold .hiucf ion III U ’ ( ) I * 


2(Mi 
4<Hi 
(*(HI 
SOU 
1.1 1(10 
l.:»uu 

l.4(KI 


I ir. 
:i7 
.‘.I 
7 ai 
lit »7 
I a ir. 

i.'iii.i 


For research work and most technical measuremonts, 
\^ere reliability is the first conHider#.tion, this 
combination of metals is unrivalled.* Its disadvan- 
tagls are the high cost metals and the necessity 
for proteeJion fnyii reducing vapouw. 

(2) “ Chromel-ahimel.’' This is the trad| ^name 
for the alloys— nickel chromium (00 per cent nickel, 
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10 per cent chromium) and nickel aluminium f08 pe: 
cent nickel and about 2 per cent aluminium anc 
silicon andi mangantse). This combination of tw( 
alloys gives a thermocouple which can be emplo3r«c 
up to temperatures of 1,100° C. continuously, and 



l)(A(m\M OP Khsbntial Parts op a 

THERMOKLEfTRIC^YROMBTKR. ^ % 

Tilt) inHtriitnpnt'’lTH‘n!tiireH tho dltrercnco o( l.emporftturc Setwecn the 
hot and oold JtincMont. In sonic fusea tho cold Junction is tranaferred 
to thf* inettniiaoiit tiTminalH If, th« un* of Icndw having the HAme 
thcnnoelcctrlc proiiertica as the thermoelement wires. 


will stand ftir short period^ up to 1,300° C. For 
the same temperature difference the E.M.F. gener- 
ated by ihh combination is about four times that 
of the platinum —platinum 10 per cent rhodium 
thermoeleipent. 

(3) Capper c^nstantan. This couple consists of 
pure copper and an alloy (fO per cent copper, 40iper 
cent nickel) known as “ constantan ” or eureka.’’ 
It is^used extensively for work at ordinary tem- 
peratures, and for experiments on heat transmissioii 


(3) y tv j- 
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through materials, exploration of the temperature 
distribution in electrical machinery, etc., it will be 
found to be of the greatest uti^ty. Th^ metals are 
easily obtained of the requisite degree of purity and 
insulated to suit the requirements of the case. 



Via. if 

Variatiok ok Thkii>uv:i.K( Tromotivk Fokck with 

TkM1’KKA|URK. 

Llnoi are brokpii In rcKloiiH of t«'in|M'r*turi> in wliifh K.M.F. in m»t 
AOCurat«iy known or in « Inch tin* coiiiiltw iim rnR partlciimrly HUlUbIc 
for toniiKTafiirf* iH<-(isur»!nic‘nt.. (Adanw.) 

^or thermal insulation work the writei^has found 
the following sizes convenient. 

No. 26PS.W.G. copper douWo cotton covered. 

No. 26 S.W.O. llonatantan double cotton oovbwhL 
Lftid twin, double cotton covered over all, and Minted in 
parailin wax. 
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In Fig. 14 the thermo-electromotive •forces 
obtained at various temperatures are shown for 
some typ^al couj^Ies investigated by L. H. 
Adams.* • 

It is, of course, necessary to study each individual 
thermo*element • if intended for use in accurate 
measurements, but with a good sample of copper 
constantan no appreciable variation should be found 
over a length of several yards of wire. 

(4) Iron -constantan and iron-nickel thermoelements 
are sometimes u.sed. The deleft* of iron is the 
development of ])arasitie currents when expo.sed to 
temperatHr(‘s of tlw. order of 860'' These parafitic 
currents have their origin in a variety of sources. It 
is believed segregation and cavities of occluded 
gas in the casting can give rise t(» linhomogeneity, 
wlulst changes of crystal! structure; on prolonged 
heating is also a frequent- source of troul)lo. 

Nickel undergoes a molecular transformation 
betwc(*u 230" an(U30()" ('., which renders the metal 
unsuitable for use in a thermoelement over this 
range. It gives, however, fairly satisfactory results 
between 400'i<ind 800''*C. ^ ‘ ' 

The E.M.F.-temperat^ire r^Jationship of the couple 
iron-jiickel is nearly linear over the working range. 
A peculiar fact has been observed about nickel ; the 
pure metal is oxidized and rendered brittle by heating 
in air, whHst its alloys with chromium and alu- 
minium resist oxidation fairly well and do not 
deteriorate rapidly. 

The couf)le “ chromel-aliyiiel " was developed by 
Hoskins in the course a. search for alloys to 
replace iron and nickel. 
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PtotecitUig Tabe$. 

Thermoelements composed of ^platinum and its 
alloys must be protected from#contanniiation by a 
clpsed sheath of glazed porcelain or fused silica. 
Refractory porcelain tubes will stand up to 1,400*^ C., 
but prolonged exposure causes abforption of the 
softened glaze into the body of the tube. Fused 
silica tubes ^an be used up to 1,000M'. in an 
oxidizing atmosphere free from alkalies. Prolonged 
exposure to temperatures above 1 \ causes 

devitrification ; the material b(‘comes crystallized, 
loses its mechanical strength, and is then nermeable 
to ^ses. 

Base metal couples do not rt'quire the same 
thorough protection as platinum aih^, so iron, 
salamander, a<id firt^clav tubes ‘are fn'quently 
employed in industrial instillations, 

• 

Temperature Indicators of the Millivoltmeter Tsrpe. 

The majority of the thermocouples used in 
industrial work are equi])ped with moving coil 
indicators. The instruments are identical in con- 
structiTuf with millivoltAeters, while 44ie scales are 
generally graduated to ^yad t^mp(‘ratures directly. 

The calibration of such an iiLstrument is cojrect 
80 long as the total resl^ance of the circuit remains 
unaltered. When the indichtor has a resistance of 
from 100 to 500 ohms, small variatiens in the 
resistance of the leads or of the couple arc of no 
cdjisequence. 

An idea of the high sensitivity 'necessafy may be 
foni}pd when a comparisifi is made with ordinary 
voltmeters.* With a thermocouple outfit it is often 
desirable to have # full scale deflection for KIrailU* 
volts, which is only one ten-thousandth of* the 
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voltage which the switchboard instrument Jias to 
measure on a 100*volt system. 

In order^ to obtaj^ a robust moving-coil system 
the indicators fitted to base metal couples sometimes 
have a resistance as low as 2 ohms, and if the couples 
are of ‘a heavytsection wire, protected from oxida- 
tion, the outfits work fairly satisfactory. Special 
care must be taken with such installations not to 
cause any alteration of the total resistance of the 
circuit. 

It must be borne in mind that the indications of such* 
an outfit will also be affected by changes of resistance 
of the Iciwls cause^i by variations in the temperature 
of the furnace room. It was observed in the case 
of an indmi^/r of 5 olims resistance, that changes 
of tem})eratiire ‘ from 0° to 35° (1 ^along 50 ft. of 
wiring from the thermocouple to the instrument 
caused the indicator t(?, read 10° C. low at 050° C. 
So, apart from difficulties due to oxidation and 
varying de})ths of immersion of the thermoelement 
in the hot' region, high accuracy cannot be obtained 
with a low resistance millivoltmeter. With platinum 
thermocouple;} the cost of t!ie material prohibits the 
use of thick wire, and it is therefore necessary to 
employ high resistance indicators. 

In the U.S.A. during tive past few years much 
attention has been given to the development of 
high resistance millivoltmcters for thermoelectric 
P 3 Tometry. One maker employs a moving coil 
wound with aluminium alloy wire of 0*003 in. 
diameter %nd, by xjonstructing a very light movmg 
coil, has been" able to ret^uce the size of the control 
springs so that it has been possible to jncreasi> the 
resistance of the instrument to c,bout 30 ohms per 
millfv^lt. The result is an instrument giving full 
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scale Reflection for 40 millivolte with an internal 
Resistance of about 1,200 olmiH. * 

It is doubtful whether this higli resistayee is really 
necessary in practice, parti('ularly with base metal 
couples, but the fact that it is obtainable is worthy 
of serious corisidt'ration and rt‘preit‘nts a distinct 
step forward in instrument design. 

Potentiometer. 

In precision work a j)ottMitiom(‘ter is employed to 
Pleasure the in j>n‘feivne(‘ to a direct reading 

indicator. 

1%' tlie use of a potentiometer tlie actual K.M.F. 
is measured, and, since no aj)preciabl(‘ (uirrcnt Hows 
through the circuit, variations of electrit''(fH'(*sistance 
of the pyromet<;r aiul its leads have* no ir\fluenc(‘ on 
the readings. ^ 

The princi])le of the poteiitiomctiT is very sim|>le. 
Consider a long uniform wire AB (Fig. 15) of, say, 
l,(J00 ohms resistance connected tt) the ttTrninala of 
a 2-volt cell. Take two points I) and on the 
wire. If the terminals of a suitable voltmeter be 
pressec? oti tjie wire at the in*^runient will 

indicate a certain dilbienc^of pobmtial between 
these two points. The’niaguitude of this differgnee 
of potential is })roporti«nal to th<‘ product of the 
•resistance between the two^ioints and the current 
flowing along the wire. By incri'asing the distance 
between the points 1) and E, any potential difference 
up^o 2 volts may be obt-ained ; whilst, if th(; pointa 
D and E Ix) very close together, the •jioteiitial 
difference will Ik? excecdin|fly small. 

If* now, .the leads from a thermoelement be 
connected to the points D and E, it will be pi^ible 
by trial and error to find a position for the jjwlhta, 
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such that the electromotive force of the tliermo* 
element is balanced against the potential difference 
between the points and E, so that no current will 
flow in the circuit DTGE. The galvanometer Q w^l 
then sl^ow no deflection. * 



If tlie current flowing through the wire be known, 
as >f<'ll as the resistance per unit length of the wire, 
it is possible to mark off an E.M.F. scale alongside 
it, so that any unknown E.M.F. can be measured, 
provided if is less than 2 volts. 

In the form of a long wire, such a potentiometer 
\Vould nqfs be very convenient for thenuoelectric 
pyrometry, since only a short portion of the wire 
would be used. To forrfi an idea of the length of 
such a potentiometer, let us suppose* that it is 
deskCl to measure the E.M.F.s'* obtainable with a 
platinum 10 per cent rhodium couple. It wqphi 
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be cc^dvenient to have the wire ho proportioned 
that 1 mm. on it represents l(f microvolts* (i.e. 
approximately C. for tiRs combyiation, see 
Eig. 14). 

'Since the E.M.F. of the battery is jissiimed to be 
2 volts, the totiTl length r)f the wi^' must be such 
that the potential difference along its length is 
2,000,000 microvolts, and since I millimetre corre- 
sponds to 10 microvolts, the total length is 
200,000 nnllimetres or 200 metres. 

Now the maxflivnn E.M.F. that is likely to require 
to be measured is only 20 millivolts, and this would 
be •covered by a raifgc of 2 matres on the wire. 
Hence the nmiaining 198 metre.s might as well l)e 
coiled up for compactness. 

In uceprate Jaboratory work it Is convenient to 
have a more open scale ^than 10 microvolts petr 
millimetre, say, I microMolt per millimetre. In 
such a case the total length of wim would work out 
a^ 2,000 metres, of which 1 .980 metres would bo in 
a coil and 20 metre.s in use. In practice, of course, 
1,980 metres of wire would not be coiled, but the 
same Temst^ince of muclt tinifV wire employed. 

Now 20 metre.s is uicoqveniently long, but a 
further reduction in tbe size of the instrument is 
possible by using one* metre length of wire and 
o#iling the remainder intft 19 separate coils in 
series. • 

When the arrangement of Fig. 10 is coiisidered, it 
w^Jl be seen that by moving the point D over a 
series of studs, to tlie eiids of which thi coils are 
connected, balance may l|p obtained \o the nearest 
l.odb microvolte, then by sliding the point E along 

• A microvolt is one-millionth of a volt, hence 1,000 
1 mQBvoli. 
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the slide wire exact balance is obtainable, si»ce the. 
range of the wire is 0 to 1,000 microvolts. 

Now it i» obviously necessary to ensure that the 
potential drop across the potentiometer is always the 
same, for an ordinary accumulator cell cannot be de- 
pend(;(l upon to|ive exactly 2 volts.* In fact, it varies 
from 1-8 to 2*3 volts. This adjustment is effected 



LKNaTH»()F Slide Wise «n a Potentiometj»:r*. 

by means of a standaid coll. A Weston standard 
cell has an E.M.F. of exactly 1-0184 volts at room 
temperature, jirovided no current is taken from it. 

Hence, if a coil be arranged in the potentiometer 
circuit of such a resistance that it is equivalent to 
a length of potentiometer wire giving 1*0184 volts 
at its teripinals, the standard cell can be balanacd 
across this coU in precisely the same manner as the 
thermoelement. < • ^ 

The function of the galvanometer is "to indicate 
thaUt^iere is balance, and to effect this a variable 
resistance in series with the battery is adjusted until 
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balance is obtained. This adjustment, of course, is 
equivalent to seating the current throu^ the^ 
potentiometer to a constant value. 

A wiring* diagram tor a typical potentiometer of 
the simple circuit type is shown in Fig. 17. Hete 
the 100 coils ai^ arranged in fouFidials of 25 each, 
and the slide wire is equivalent to one coil. 

UECX)RDING PYROMETERS 

In many manufacturing processes where it is 
essential to keej) a continuous reQr)rd of the tem-t- 
perature of the furnace, it is eithfsr necessary to fill 
up charts at periodic interval^, or arrange that /he 
instrument gives a permanent record. Frequently, 
when a r^jfita’ding indicator is installed, a direct 
reading indicator is situated near the furnace to aid 
the o{)erator, both being connected to the same 
thermoelement. The fundamental feature neces- 
sary is reliability, and tnis lias only been obtained 
after lengthy experiments, in which many practical 
difficulties had to *be surmounted. The usual form 
of record desired is that in which temperature 
appears as one co-ordinate ,;and time as tb.e lOther. 
Recorders may be divided into two classes ; the 
one operating on the stftne princijile as a deflection 
galvanometer, and the oth^r as a potentiometer. 
Tlie second class of recorders, which belong to the 
category of “ nul ” instruments, are considerably 
more complicated than the first, but, as indicated 
before, they have the advantage that variations in 
the resistance of the circuit are of no importance.® 

Deflection Instruments. 

It has not been found practicc^ble to construct a 
reootdiS^g milUvoitmeter operating a pen in contact 
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^th paper, as in the case of the ordinary switoh- 
TK)ard voltmeter. The forces artf so much smaller 
that the friction between pep and paper would 
introduce serious errors. Hence a variety of novel 
devices have been developed whereby the friction 
between pen and-paper is eliminate^. 

In this connection pyrometry lias given a great 
impetus to the design of electrical instruments, 
and in the course of time ap})lianc(‘s now employed 
solely on temperature control installations will find 
•application in ot^i^r branches of engineering. 

Space dex's not permit of a detailetl description of 
the* numerous methods w'hich hnye been tried for 
marking the chart in a recording instrument, but 
the fundamental principles employe^lm^may be 
noted — ^ ^ 

(1) Sparking from Pointer to Plate Beneath Chart. 

This method was einployctj in early recorders but 
it is not much useil nowadays. A high-tension 
circuit is so arranged that at half-minute intervals 
an electrical spark jiasses from the jioiilUT to the 
chart, puncturing the jiajK'r. The record is a series 
of hofes w’tth scared edges, •which a^ij easily seen. 
There is a tendency f<a the spark to jump at an 
angle, causing a slight V*rror,*w'liich, however, is not 
serious. , • 

(2) “ Chopper Bar " Artmajenient. This is one of 
the most successful of the methods trjpd. In its 
original form an inked ribbon was strekhed on a 
mgtal table beneath the paper. At i^eriodic intervab 
the chopper bar fell, pressing a point on the end of 
the galvanometer boom ii^o contact ^'ith the paper 
ftiid*againfi4^ the ribbon and plate beneath. This 
produced a small dot on the underside of t^e thin 
paper which showed through. 
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In the course of time this device was deyelope^ 
to the form showli in Fig. 18, and in this form it is 
known as ^le “ thr(^id recorder,” An inked thread 
is stretched l)etween the pointer and the paper. At 



periodic intervals the thread is struck against the 
paper by the depression of the galvanometer poin^r. 
The threu^i is slowly carped around inked rollers, 
so as to expdse fresh pq^^ons to the pointer and 
to replenish the ink. By a slight raodificatihn a 
two-colour typewriter ribbon may be substituted for 
the thread. 
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The author is not acquainted with tlie origin of 
The “ chopper bar ” idea, but theMevico was in use 
on recording barometers thirty to forty, years ago. 
In this case the record was made i)y a j)encil. and 
the chopper bar kept it in contact witli the j)aper 
for an appreciabib time interval. siWicient, in fact, 
for the movement to j)ull it sliglitly across the paper 
if a change occurred in this interval. 

In addition to the above methods of marking the 
chart, it might be noted that in aeronautical instni- 
*ments the use df^a radium tij)})ed pointer and a 
photographic film has been tried with success for 
giving continuous rec<h*ds. Lumian** has suggested 
the possibility of using minute jets of gas acting 
, on chemically sensitive jjaper. for e.xanqi#. H^S on 
paper soiled iu acetate of lead, and XH, on })af)er 
soaked in acetate of mercury. Such a method 
would, however, lead to coiiplications in })yrom(‘try, 
as it would be necessary to protect the instrument 
pjVts from the gases employed. 

Recording Potentiometer. 

In Taboratory work fliret*! reading, temperature 
indicators are rarely cniplo;^ed as greaUT accuracy 
is obtainable by the use*of a p(>t<*ntioinet<*r. Iq this 
the thermo-electromotive force of the couple to be 
measured is balanced, as already e.xplained. against 
a definite fraction of the electromotivtv force of a 
standard cadmium cell. When this procedure is 
a^pted there is no need to trouble about the 
actual value of the resistance of the A)uple and 
of the leads, or of the constancy of* the indicator. 
MoAover, .a higher degree of accuracy in the 
measurements is tendered possible by the^use of 

♦ CompUf* Rendu*, 30tlv December, 1918. 
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a sensitive galvanometer working as a nulf ** 
instrument. • 

With the development of the technique of high 
temperature pyrometry , manufacturers have turned 
their attention to the possibility of constructing a 
recording potentiometer which wmild bear the same 
relation to the recording indicator as the laboratory 
potentiometer bears to the deflection instrument. 

Recently a recording potentiomefer has come 
into extensive use in the U.S.A. In this instrument 
a number of thermocouples can recorded on th^ 
same chart, a print wheel being used in place of a 
pen, and each ccyiple in turn being switched i» by 
an automatic commutator. The essential part of 
the recoi4er is the mechanical device for auto- 
matically moving the slide-wire contact and the 
moving pen across the chart (see Fig. ID). The 
mechanism of this device may be briefly described 
as follows — 

The essential point is that the deflection of, a 
galvanome'ter results in a movement of the slide-wire 
contact maker and pen without requiring the 
galvanometect to do 'any ' work. 'J’he disc' A is 
mounted on a shaft ^ind operates the slide-wire 
conflict by a cord wound on its circumference visible 
in Fig. 19. The power sup|)lied by a small continu- 
ously running electric motor enters the mechanical 
system through the shaft B, carrying the large cams 
C and the small cams D and E. At each revolution 
of the shaft /i, the cams C straighten out the arm^F, 
which pertshance has been tilted a moment before, 
and in doing ‘this rotate (the disc arm F being 
pressed at this time against the disc A by the spring 
0. TJ>e arm F is pivoted on the spring (?, which is 
fast** to the frame of the instrument. When the 
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Vams G have rotated until their longest radii are 
passing the extensions of the arrti F, the cam Fl 


begins to raise (?, lifting F ajj^ray froin the disc. 
When F is free the cam D raises the roclcer-arm H, 
which, in case the galvanometer is unbalanced, 

• 1 



Mechanism of the HecorRino roTKNTioMETER, 


catches the pointer under one of the right angle 
le^jera J pivoted at K. One lever is thus made to 
swing the arm F by pressing against ane of the 
eccentrically located lugs^v. The n^ker-arm H is 
tbetf immediately lowered to allow the galvanometer 
to swing freely, ^'am K is so shajied and fixed on 
the shaft B that it will recede from the apflng Of 
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allowing G to press F against the disc just^beforey 
the cams C begin*once more to straighten F, ^ 

This mechanism, ip its cycle of operations, moves 
the contact on the slide wire whenever the potentio- 
meter is out of balance with the thermocouple, and 
in so doing opeiatcs to obtain or restore the balance. 
The shaft /i rotates once in about 2 seconds, which 
is slow enough to allow the galvanometer time to 
come to rest or nearly so. This dcsigTi is such that 
the amount of rotation of the arm F increases with 
the extent of the galvanometer cdeflection, since* 
the pointer a})proachos tlie fulcrum of the levers J 
as tlie detlection, increases. < The motion of H is 
adjusted so that the rotation of F will correspond 
to a rebiiiajicing stej) of the pen of I in. (10 mm.) 
when the deflection is a maximum, and decreases 
uniformly to about in. when the dellection is just 
sufficient to catch the’ boom under one of the 
right-angle levers. This gives sufficient rapidity of 
the various actions to take the pen the width of the 
scale in somewhat less than I minute. 

A record is made once a minute on the multiple- 
point recordey;H of standard design. The position of 
the pen, when a balance has been obtained just before 
each record, corresponds to'.i definite point on the 
slideSvire, for the pen is fixed to the slide-wire contact. 

Once during a revolution of the commutator the 
thermocouple is disconnected and the standard cell 
connection made. At the same time the potentio- 
meter slide wire is let loose from its shaft and tjie 
clutch enguges a second resistance. Movements of 
the disc then ‘result in changing the resistance of 
the battery circuit and the current is thus seV to 
its pr^r value. The pen does not follow this 
adjustment and no record is made of variations in 
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^he cu^nt. With batteries in fair condition the 
current is easily maintained constant ; but if there 
arises any doubt of this constancy, the recorder may 
be watched for a few minutes and, when connection 
is made to the standard cell, the first deflection of 
the galvanometer* is an indication o^the change in 
the current since the last adjustment. A short- 
circuiting contact on the slide wire carries the pen 
to zero on tWe chart when the batt<‘rv has run 
down, thus providing ample warnitjg under moat 
wrcumstances. • 

The scale of fln.^ record(*r is uniform wlien 
graduated in millivoUsf aiid departs from uniformity 
for a temj)erature graduation acconling to the 
temperature electromotive force relatic\i|| to the 
thermocouple. The standard galvanometer is sufli- 
ciently sensitive to work satisfactorily with a full- 
scale range of 10 millivolts, ^hich gives a. very ()i)en 
scale, particularly for base-metal couples, when in. 
(2‘6 mm.) of scale corresponds to 2.r (\ 

Automatic Temperature Control. 

ProiKediiig a stej> jjtill •farther has been 
endeavoured to make the control of the furnace 
temperature fully autfmiatl^. An apj>aratu8 for 
automatically controlling the operation of* an 
electric furnace em})loved f^r hardening steels has 
been developed in the United States of America ; 
by means of this equipment it is possible lo j>crform 
the following o}X!rations automatically * 

fteat up the furnace interior to a t<^m[Kirature 
of, say, 1,000° C., or abou| 100' abov6 that desired 
in tHe steel. Hold this temperature steady until 
the steel being treaited reaches the de^^ired teijpera- 
tore (900° C.), when the furnace temperature? is 
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dropped to this value and held there. Th^ cyoly 
of operations is a(?complished by placing one thermo^ 
couple, ca^ed the (jontact couple, in contact with 
the piece of steel, and another, called the air couple, 
in the furnace near the wall. The air couple is kept 
hot until therfbontact couple rofiches the proper 
temperature, when the air temperature is lowered 
to this value. 

Various other methods f)f control hWe been tried 
from time to time, particularly with a view to 
maintaining a furnace at a steacl^v ‘temperature. *• 

It is questionable whether the complications 
involved in a fuljy automatic- control justifies itself 
in industrial installations. Suj)ervision of some kind 
is alwayjuiecessary, and an attendant provided with 
a recording pyrometer is able to l^ase Ms actions * 
upon a knowledge of the changes in the furnace 
which have been j)rocepding for some time, rather 
than upon the instantaneous effect as in the case of 
a mechanical device. 

If the c6nditions are unfavourable to the installa- 
tion of a pyrometer, and it is desired to centralize 
the temperature contr(9l of n group of fupaccA, then 
the most satisfactory })rocedure is to have an 
attendant to take measurehlents in a central office 
and signal to the fireman in charge of the furnaces. 
Signalling can be aciioraplished by the use of 
coloured qlectric lamps, three of which should be 
installed at each furnace. 

The common practice is to employ the following 
code. White light indicates that the furnace is^at 
the correct Wbaperature ^ gfeen that it is too low ; ' 
and red that it is too high . The combination of i^hite 
with red, or white with green, • indicates a slight 
dei^hrture on the high or low side respectively. 
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, In 8«ne larj^c installations the ^system has been 
^aborated to inehide a pneumatic tula' connection 
between the furnace room :fnd tljc •jnTometer 
station, so that notes can he transmitUal between 
the tw'o points in preference to l(‘lephoninj». 

It might he ad^etl that sectoral p^ometer manu- 
facturers iiave d(*vised atitomatic met hods of light sig- 
nalling. In tj^e ease of the n-cording potentiometer, 
already <l('scribed, two contacts mov(‘ witli the slide 
wire on its sliaft an<l tlu' third contact is stationary. 

Use o! Thermocouples for Temperature 

• Measurement in Rotating Parts. 

Mr. B. (1. (’hurchcr of the Mctropolitan-Vickera 
Elect rii'al t’o. has (h'serihed in tlic ■hfiitnal of 
Scientific J n'<lni^ncnt.'‘* the nu'thod he employed for 
measuring the temperature^^ a conductor mounted 
ill a slot of a rotating armatfiri'. 

TcmjKTaturc rises of the order of 10 ('. Inid to 
be, measured when the armatun' was rotating at 
speeds of about l.oUO r.p.m. 

The object in view was the determination of the 
energv^ loss, due to edd\^ currents. 'Phis loss arises 
from the magnetic satnnitioi^of the armatim' U^eth, 
and is a function of th(‘ degree of ('xeitation o^the 
machine. 'Phe tooth saturation causes a consider- 
able tlux density to be set Tip in the slot. As the 
armature rotates the slot II ux changes in*magnitude 
and sign, and gives rise to eddy (uirrents in the body 
of^ny conductor oi'cupying the slot. This loss may 
seriously affect the jK^formance of th^ mtibhine. 

In the present method tfcis energy loss is obtained 
Bxpfcmentally from the thermal capacity of the 
sjonductor, and the^nitial rate of rise of tcrapiraj^ure 

• Vd. I, p. 310, 1923-4. 

'*--(5880) 
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of the conductor^ when the eddy loss was ^ddenlj/^ 
set up in it. 



Electncal/u heated oil vessel 
oil i/^essel (not junction) 


Fia. 20. 

CoiwEcnoiM FOB Using .vThkbmocoi’ple to Measure 

THE TEMPERATUKEI OP A ROTATING PaRT. 

t 

The conductor was supported in the sfot by spacing 
pipcc^ of very small thermal capacity and heat 
conductivity, so that the conductor was practically 
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^therniUlly insulated by air. Th^ tep and ends of 
the slot were closed in order to avoid the efTect of 
draughts. Thermoelements wPre soldered on to the 
conductors under test, and connected to a rellecting 
galvanometer by contact rings i^ounted on the 
armature shaft. The connections arc shown in 
Fig. 20. 

The proccilurc in carrying out a test was as 
follows 

^ The armature was run at normal sjiectl, with the 
field magnets uiu^cited. until the conductor was in 
teniperatuiv equitibriyin with the slot vsalls. aiul the 
cold junction temperature (‘on.stanV 'Phis condition 
wa.'. indicated l)v a .steady galvanometer »jeflection. 
At a given signal, the exciting current of tlu* machine 
was switfluHl (^n. This set up the (‘ddy loss in the 
conductor. • 

The rate of temt)erature rist* was then observed 
with a .sto[) wateii, and from these* data, the initial 
nrte of rise was deduced. This, together with the 
know’ll thermal capacity of the conductor, gave the 
eddyjo.ss for that jiar^ieulf^r sp(‘e(l and de‘grec of 
excitation.* 

A number of disturbbig fuctor.'? have to be taken 
into account in ajiplying this method. • 

The maiiT(liffieuIty in uyng thermocouples on a 
rotating armature is in finding a suitable location 
for the cold junction. If the difb'rence only of two 
temperatures is required, such as the difference 
between the tenqieratures of a comluctqf and slot 
walls, the cold junction is in the slot and only cojiper 
lea<ip need be brought to ftie slip rings. With brass 
or copper 'slip riygs, there is then littlosJear of 
extraneous thermal E.M.F.s unless the rin^ differ 
considerably in temperature or small tempera||iure 
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differenccH are 19 be measured. For metoring^ 
actual temperatures in commercial tests, where the 
cold junction temperature is only required to within 
two or three degrees, it would be sufficient to use 
an enclosed cohUunction mounted on the shaft, and 
well protected from draughts and lieat conduction. 
Cold junction tem])eratures could then be measured 
by thermometer before starting up, and after 
shutting down. It would, of course, be possible 
to have a .stationary cold junction by u.sing,^^ 
say, a constantan slip ring, brwsfi and lead con- 
nected to th(‘ constantan clcnient of thi^ couple, 
and a copper ring, bru.sh. and lead for the other 
side. 

In the present investigation, an ('ncloscd cold 
junction mounted on the shaft was used, only copper 
leads being directly connected to the slip rings. As 
previously pointed out, it was not lu'cessary to know 
the cold junction temperature, but only to ensure 
that it reipained constant during a set of observa- 
tions lasting about one minute. The following tests 
were carried out to asceiftain whether the arrangeinent 
was satisfaetttry — 

Slip Rings and lirnshrs, Th»' consisted of brass washers 
f in. ihiok, inonnted on u metal bush keyed to tlie abaft. The 
rinKS were msuhvted from the bush by a wrapfinpf of rnicarta 
and were spaced apart by fibre washers. Six rmjis were used. 
Connection to the thermocouples was mmle by brass rofis tapped 
into the rinffs and insulated with micarta IuIh's in the usual 
manner. In the surface of each ring n \’-groovft alxjut j^in. 
deep was turned. The brush consisted of ii single in. brass 
wire resting: in the groove, and making contact over an arf ’ of 
a few inches lepgth. Contact^ was maintained by applying 
tension to the wire by means o|<adjustable springs at either end. 
The brushes were continuoiwly lubricatetl by drops of paijsiRn. 
This was #«pplie<I by a small tank mountotl on the end bracket 
of the itfachine, and provided with a tubb and small tap for each 
ring^or adjusting the flow of paraffin. With a rate of lubrication 
of i^bout 30 drops per minute, the wear was very slow. One 
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brush liouUJ lost for over a month umlor the«* enmiiiions. No 
'trouble was e\|>t*ru>net*tl at any time witfl tins arranijri'inent. 
Cotitarl Rrfii«(atir<\ As tin' ihenimcouph* r<‘a<hnjtH wen» taken 
by galvanometer <lejleetions, it was import aiit ftiat the eircuit 
rtisiHtanee hhould n'rnnm eonstaiit. Te.sls were therefore rnaiie 
to ascertain whether tlie slip nogs and linislieH had appr«*eiabla 
contact resistance. ,T\\o rings wer<' short ^rcniteii hv a heavy 
leiwl, thus forming a eiremt consisting of a nrnsh. brush contact, 
ring, short-eirciut mg leail. sis'ond ring, laush eonfaet, and brush, 
A low resislanee gaUanonietei was eonnected in .S4‘ries with ihiH 
eiremt. for us»' ♦s an ammeier \ known eonsiani K.M.K. wa« 
then applied to the eiremt. so that (lie gah luionieler was defleet ed 
to nearly full wale lalne. An>' ehangi- in lesiManee of tin* eiremt 
••would then iiltiM* the gaKationiefer defl(*e(ion 'I’he resistani'e of 
the hriishes, t'ontaets.^rnigs. etc . was oliiamed by sboil i iremting 
this eiremt at the brushes w il h a liea\ y elainp. as elos<« as possible 
totJhe nngH. and noting tlie change in gj^K anonwter defleetiori. 
A large minUs'i ot observations was mmh' with th<' niwhine 
stationary and running at various s|H>eds Tlie lesistnnce valuett 
obtained were eiiatie but sinalK and did not appeiii^to Is'ar any 
definite relation (o tile speed Tlie average n-sist miee was alamt 
tM(l2 ohm* oeeaslunallv iismg (o (Mll!l, and falling as low an 
0()t)4 ulim Of this about oliin was in tlie wire brush 

itwif. 'I’l'eiv IS therefore a tnaxynum iineerlaint v of t> llloohin. 
During till' oddv loss experiineuts th<‘ leMstaiue of the galvano- 
meter eiremt was never )e.ss than ohms 'I'he uiieertaml v wna, 
tlg*refore, less than 2 parts in lU.OUIl. vvlm h is ipiile neghgii)l(\ 
Tiunnul E.M /’ To ohiaiii an idea ot tlie |l•sTlltHllt thermal 
K.M.K. at till' slip ring eonneetnnis am! brush conlHets. two rings 
w’Cre coiirieeted together bv a luavv wire as in (be contact 
rcHistanee te*ls, and tho twil^bnisltes lonneetoik to (be termmalK 
of a 28-olim reflecting j,,. . mometer The iriiu'hme was (hen 
started up and run uuevey -d iittiiorniifl h|ws'«l ami the brush 
lubrication adjusted. The galvanometer deficit ions vve|e then 
noted over a^wriml of about tbree-ipiarters of an hour. After 
some nut ml .slow oseillations, t^i- detleetion wtlied ilovvri lo 
within plus or ininu.< one millimetre after half an hour’s run. It 
waa Hua|H'cf*sl (hat jiart of the oliwrved steady detleetion arose 
from « small hoinopolnr K.M.K., generated hy the slip ring 
connections (>uttmg (he univahuieeil reHiduut leakage flux of the 
mpehine. The tlirei’tion of rotation of llie machine waa reversed 
to eliminate tins, and after steady lemi)eratun' (tinditiona hod 
been reached a difference of only 2-5 microv^iUs was olaierved, 
Tiupfin^ result of the expiwunent gave a resultant tliornuU 
E.M.F, at nflrmal speed and brush lubrication of ^ 1 micro- 
volt*. • ^ 

Aa previously pointed out, a small constant extraneous R.M.F. 
in the thermocouple circuit does not introiiuee any error ^in the 
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toruperaturo moasurements, since an artificial zero is* always 
used. There is, thcrclt)rc, an uncertainty of ^ 1 microvolt. In 
the eddy loss moasurementg a tem[)erature rise of about 10 de^ees 
was used, corrApondmg to a thermal E.M.F. of about 400 micro- 
volts. The uncertainty m the temperature measurements from 
thermal K.M.F.s at the hIi[» rmg.s is, therefore, not more tJian 
plus or minus 0-2.'> cent. , 

E.M.F. of JtoUition. In the early stages of the eddy loss 
measurements, considerable trouble was experi«nced with both 
alternating and continuous E.M.F.s of rotation. If the 
galvanometer sensitivity was adjiistcil to an adequate value for 
the ternperaliire measurements, the continuous K.M.F’. of 
rotation was sunicicnt to smid the light sjiot off the scale with 
the smallest e.xcitation. On taking an oscillogram of the field* 
form, the eau.se of this was evident, 'riienfrw'cre large difTerences 
in the maximum induction imder the diflercnt jioles, due to 
insufficient care haviqg Imm'ii taken \n adju.stmg the air gCp*^ 
before the machine was di'liveretl. This caused considerable 
imbahuici'd h'akagi' fluxes to lie set up, .some of which took the 
form of a r(#lial flux coming out'of the shaft. .As the sliji rings 
were spaced about a c('ntinictre apart, flu* connections to tiu* 
rings formed a conductor of about one cefitimetrb effective 
length, in which a small conliqpous E.M.F. could Ik* generated 
by rotation through the radial »fiux. 

The machine had, therefore, to be di.smanfled and all adjust- 
ments mad«*. After this, the <;ontinuous F..M.F. did not cause 
a dofloctiou of more than about one cent inietre. As the deflect len 
duo to the tlufrmocouple E.M.F. was about HO cm., this did not 
cause any iTOiible. The eliinmation of alternating E.M.F.s 
proved to lie entirely a tpie.stion of carefully twisting the 
thermocouple leads. * • , 

Voltaic E.M.F. It was sugge.sfed that there might be some 
voltaic action lK*tween the fWu-e and the brass rings, owing to 
the foijpier b'lng .soaked with paraffin. On testing, liowever, no 
E.M.F, could lie tracetl. — > 

Imulation Ucsistancc. To e^psure that the insulation resistance 
between rings and to earth was ailequate, some measurements 
were moile witii a oOO-volt megger. 'I’he lowest resistance found 
was 14 megohms, the others being si’veral times this value. This 
is aiiequately high. 

It was noted that immediately the lubrication was shut ^*11 
large thermrfi E.M.F.s, aiul erratic contact resistance, at once 
appeared. * ^ 

Calibratipp of Thermoelectric Pyrometers. 

lUs Advisable to calibrate eacli individual thermo- 
elen^ent for work of precision, but for industrial use 
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the calibration of two or thn‘c elenuMits of a batch 
suffices, provided eait‘ is taken iifllie maniifacturt^ 
to produce a lioniogeneous inpfot. If tjn' samples 
selected for test liappen t(> <lilTer appreeial)iv then, 
of course, individual calibration is necessary! as th«‘ 
thermoeI(‘etrie pfopertu's jir«‘ ver\% susceptible to 
variations in eomp<)sition dia* to si‘gregati»)n in the 
ingot, etc, ^ 

Before ealil)ration the wires should be thoroughly 
annealed, 'rids is readily elTccl^Ml in the case of 
platinum alloy eoy])les by suspending from the ends 
and heating electrically to yellow heat. The (*asi(‘st 
UK^lhod of calibratiifg is by coinpari^on with a 
standard couple, and this is thi' uu'thod gmuTally 
(‘inployed in .standardizing lahoratori(‘s. » 

\Vlu‘n,*for (example, a hatch of platinum alloy 
thermocouples have to hj* tested for K.M.K. at 
every lOO'C. up to l.llotUf'., the* procedun* is a.s 
follow s - 

•The outside sheaths and jirote'cting tuhi's an* 
removed, leaving the winvs insulatcel wath fireclay 
capillaries. The junctions of couples, and that of 
the stamlard, are tied tligetfier with Htick platinum 
wire, which is wouiio rouit^l torform a little hall. 
The couples are then inserted in an electric fu^^nacc 
with the juifiytions in the centre of the furmwe. 

The electiic fairnaee is fonstructed by winding 
thin platinum foil around an ungla/^d tula' of 
porcelain ; connections to the emls being made by 
a«few’ turns of thick silver win*, tightly wiiund 
around the end turn.s. This tube is c^ntaftied w ithin 
a larger tulic of fireclaytor porcelain, the annular 
space Ijein^ tightly jiacked with calein(*d magnesia, 
or alumina, previou-sly heated to high tempratures 
to ensure full shrinkage. Around the larger \ub(* 
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3 in. to 6 in. of heat insulating^ lagging of nAgnesi^ 
asbestos is used. ‘ 

For temperatures* up to 1,100^ C. nichrome wire 
may bo substituted for platinum. The furnace is 
connected to the ])()wer mains through an adjustable 
rheostat by me^ns of which the ciilrent is regulated. 
The couples should not be laid in dirc'ct contact with 
the tube on which the [)latinum ifi wound, but 
inside an inner tube which is carried by two end 
pieces, 'rhe reason for this jmx^eduro is that 
materials, such as ixu'cclain, lj^,‘come electrically 
conducting at high temperatures, with the result 
that if the therntoeouple wires are in contact with 
the inside surface of the tube, electrical leakage from 
the pow^ supply may take ]>lace into the thermo- 
electric circuit. This dithcultv is. overoome by 
arranging that then* is ^in air s])aee all round the 
tube carrying the couples, where it passes through 
the hot region. 

The furnace is heated to a s(‘ries of steady tem- 
peratures and com])arisons nuule with the standard. 
If the thermocouples are sheathed with porcelain 
or iron tubes»wwhich eaAnot be removed, the calibra- 
tion is much mon*^* tropble^joine. The lag of such 
pyropu'ters is considerable and, as metallic contact 
cannot be obtained between the hi/r^junction of 
the standard and the ccfuple under, test, errors may 
be introduced on account of irregularities in the 
temperature distribution in their vicinity. 

Under the circumstances the following arrangement 
may be atloptecl — , 

A cylinder of iron or *copper is drilled witji a 
number ^ hole.s to take the couples, the ends being 
packed <Vith asbestos. The cylinder is heated in a 
uniformly heated furnace — which may be a gas 
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muffle-#-aiid the compariHons made at a series of 
steady tenijXTatures. IJreat ear^ must i)e taketi 
to obtain steady teni|>t‘ratures# since the time lag 
may not l)e the same for all. 

When tliere is a large installation of [lyrometera, 
a most importanf te.st is the clua kHlg of the outfit 
under working conditions, and this can be effected 
by astandard^.ed couple an<l portabk' potentiometer. 
Even if the individual pyrometers have been cali- 
brated before installation, it must be remembered 
Hhat a bas(‘ metal ^ouple may d<‘velop heterogeneity 
after prolonged exposun* to high t<'mperatureK on 
account of structural ‘changes in the alloy. When 
this occurs, the temperature given by such a pyro- 
meter will d(“pen<l upon the depth of imiii^^rsion in 
the hot region ♦iind the t<‘mperature gradient ahing 
the couple, since th(* client of heterogeneity only 
becomes af)parent uhen th# affected portion of the 
couple is in a region with temj>eratur(‘ gradients. 
H«nce it is e.ss(*ntial that the comiitions of tt‘st 
should correspond clo.sely to those olHaining in 
actual practice, and this can b(‘ acliieve(| by insiTting 
the .sfamhw’d couple ii? the* furnace wilongside the 
other with the hot junctu^ns n^ close ])ro.ximity. 
Observations with the'two couples should be ^aken 
at a series of* tem|«»ratures and. if it is ijnjiossible 
to keep .steady .temperatures, readings should be 
taken with increasing and decreasing tepi}H*rature8. 
Wlien the conditions prevailing in the furnace are 
fi^ly definite and the heU‘n>gencity effect Hmall, 
the observations should give a consistent rtlationship 
between the two thernioctuples. * 
it is, of course, useless to expect the same 
accuracy in a tesH of this character os ^iiid be 
obtained under laboratory conditions, but the Data 
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should show beyond doubt the reliability* of the 
temperature observations under the working condi- 
tions. As, check couple, it is advisable to choose 
one of small cross-section and protected by a thin 
walled tube. 

It is then po^ibk; to determine Whether the depth 
of immersion of the working ])yrometer is sufficient. 
When a heavy iron protecting tube is ii.sed. as sheath, 
it may happen that the comluetion along the tube 
is so considerable as to reduce the temperature of 
the hot junction below that of the region where if 
is situated. 

“ Fiml Point eTest ’’ on the ('heel' Couple. ^To 
verify tlu' permanency of the elieck couple, it is 
convenittit to check it by the freeze-point of pure 
sodium chloride at frequent intervals. 

For tliis purpose a smgll })latimim crucil)le is used 
about an inch in diame‘ter and an inch high, which 
is heated in a small electric furnace. 

The bare couple is inserted in the molten siilt 
and the freezing point determined in tlie usual 
way. Salt of a very high degree of purity can he 
obtained at moderate t-ost ironi various sources, e.g. 
Messrs. (Charles Mpore ^ Co., Ltd., Lynun, Cheshire. 

Calibration of Thermocouples by Fre^e Points. 

The primary calibravion of a thermocouple can 
be effected by observing the melting and freezing 
points of a series of pure metals and eutectic alloys. 
A series of such fixed points forms the best set^of 
secondary^ standards obt^uiable, provided they are 
absolutely pure. The basis of the practical scales 
of temperature accepted by tlie various national 
labora^es is a series of freezmg points of pure 
metals, referred to in Chapter 1. 
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^Some Additional points whit-h might bo omploywl 
in calibrating tlicrmocouj)lcs arc given in Table III. 
The eutectic points are not kftown to ithe same 
de*gree of accuracy as tlu* pni(‘ metals. 
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These values for the frtVzing points of pure metals 
have been oiTTained by extremely <’arefiil experi- 
ments employing. thermocoi/))l<*s, which have la^m 
directly comjiared with gas thermomet<*ri*^ over the 
entire range. Hence, by tbeir u.se, the user olitains 
a Q^libration in terms of the gas thiTinometer. 

A suitable general arrangement of^cnrtiible and 
gas'l^eatcd muffle is showfi in Fig. 21. With the 
exception of nickel, the metals and alloys should be 
melted under graphite to preserve thei5i from 
oxidation. In the case of copjier this is of vital 
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importance, as 0*39 per cent of oxyfen (3‘o 
per cent CugO)* forms an eutectic with copper, 



Kiu. 21. 

Cbuoiblk ani> Uas-heated Mtfklk for Metal ^ 
A Freeze Points. 


which has a melting ^int of 1,065° C. Conse- 
quently, if the copper becomes at All oxidized, 
its ntMting point may be appreciably lowered, 
Seine workers deliberately oxidize the copper and 
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uge the •melting point of the eutectic as a “ fixed 
point.*’ 

In th*e case of the various (‘ut'ctics, it .is as well 
not to attempt to make up the alloy of eutectic 
composition, as, just failing to do this, the liquidus 
would not 1)0 (listiiiguishal)l(‘ fnun tl^ euti'ctie, but 
would probablr give a spuriously high tempcTatim*. 
By making tlu^alloy so as to contain a feu piT cent 
more of one of the nudals than the cut(‘c(ic alloy, 
liquidus is easily distinguished from tlu‘ lower 
point, which is the#one required. 

'^le nickel carbon eutectic point was noticed by 
Mr. Schofiehl and the writer whilst •<*nd(*avouring to 
find the best conditions for using the freezing point 
of nickel as a calibration point. 

This eu^'ctic gives a very convenient point in the 
wide gap between copper, (l.OHir (' ) and nickel 
( 1,452" C.). • 

It is merely necessary to melt the nickel in a 
phnnbago crucible with excess of powdered graphite 
on the surface. 

The^nickel point is a ditfieult one to employ, owing 
to the high tiunperatttix* dc'cessary. • It can be 
reached by using a retractyry ejjiy cnutible with 
borax glass to proteet**the nudal from oxida|ion. 
The borax attacks the crucible with vigour, and, 
consequently, it ^cannot su^dve more than about 
two freeze-point determinations. • 

Care must be taken to prestTve the purity of the 
standard metals, so a thermocouple sheath should 
be set aside for each metal. A bulk of alxful 100 cc, 
of metal should be uhchI, find the cmiplo set in the 
midme of the melt. 

If the conditionij are correct the melting points 
and freezing points should agree closely. 
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The Bureau of Standarfls (U.S.A.) suppliei samples 
of pure metals f^^ pyrometer calibration. * 

Aluminium, copjter, lead, tin, and zinc are avail- 
able for this i)urpose, and it is stated that other 
metals, such -as palladium, platinum, and gold will 
be added to t^ie series. 



CHAPIM^R IV 

R KSIS'i’AN( K Til KR.MOMKI^RS 

fsTHonL'C 'rfoN ; J*Msi‘r’s Unit, p|», .■{ill) fo ItCI ; WhIhod’h 'Aj/. 
hook of PhffHU'M, |). ; \V)itK()n‘-< i'lui'tiral PhtjsicM, ('linp. 

XXIX. |> ."»(>?*; \Viiltion\ 1 iil( nmihah /V/ywio. p. I4(i, 

Thk resistanc(‘ thcrnuam'UT* lias several distinct 
fields of utility, tit alTords the nio.st ('onvenient 
m^aiis of n'alizin^f th<‘^al).solute .seal(‘ of teinperatun.) 
''ver the range ahout 200 4 '. to { .lOO'C’. ; 
it is a eonvi'iiieiit form of distant reading ther- 
moiiH'ter for the measurem<*nt of air temf^'raturc’s 
in cold scores, vte.. where a reasonahly open scale is 
desirable ; it eairlu’ eonstr^eted so a.s to enable very 
small intervals of tempiTatiin* to be* measured. 

As eom])ared with the thermoelement, it has the 
disadvantages that it is fragde, tin* bulb occupies 
considerable volume : it cannot be subjeet<*d to the 
high ^ temperatures which a jilatinum platinum- 
rhodium cmiple will staftd. al\d it <*aniMt be adapted 
to measure temperature at^i poijit as can be done 
with a therm(K‘iement**l>y ri\eting the junetiyn to 
the spot. ^ ^ • 

The Platinam Resistance Thermometer ^ Working 
Standard. 

•The direct approach tf> the absolute scale is by 
way of the gas thermometer, but tjiis tnstniment 
caimot be used as a worling standard owing to its 
imvkeldy •character. The general consensus of 
opinion among scientific workers is that the {Platinum 
resistance thermometer Is the most convenient means 
63 * 
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of realizing the scale of the gas thermometer (and 
thereby the abf/blute scale) over a wide range* 
certainly from -40^C. to + •')00‘^C., and possibly 
from - 200'^ C. np to 1,000° C. 

The researches of Callender and Griffiths, which 
have been amjiVy confirmed by subsequent workers, 
showed that a parabolic formula represented the 
variation of resistance with temperature of platinum 
over the range - 40° (J. to h ilOO ’d, hence three 
calibration points suffice to determine completely 
the constants of the formula in any particular case. 

The points usually taken are the melting point 
of pure ice, and the boiling points of water And 
sulphur under normal atmospheric pressures, for the 
range a.*M)ve - 40 ’ (\ 

Below -40"(!. the parabolic formula is inapplic- 
able, but a close approximation can be effected 
over a considerable portion of the rang(^ by adding 
another term and making it a cubic formula. 

Calculating the temperatures by the usual para- 
bolic formula for a thermometer standardized in 
ice, steam, and sulphur, and then directly comparing 
it with a hydrogen gas' theriiiometer, Henning found 
that the resistance thermometer temperatures were 
too low by the following ambunts- - 


Temperaturo t)y (Juh 
T hermometer. 

Umounta by wlacli Platinum Ther- 
mometer Heads Too Low. 

- 80° 

01" 

" 120° 1 

0-4’ u 

■-^160° ; 

* 11° 

-200°' i 

, 2*3° (extrapolation) 


These I'esults apply only to th'At particular ther- 
mometer, for which a was 0-003915 and 6 was 1*484. 
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In thft range from 0° down to ~ 126® C. there are 
a number of fixed points (see p. 4) to serve as cali- 
bration points for any tv|)e ^f pyrometer. As, 
however, there is no other instrument of equal 
sensitivity available 1h*Iow 0“ the resistance 
thermometer afforfis the easiest metfibd of realizing 
the scale, emiJoying the table given on p. 4. * 

Then' is. of ^'ourse, a cheek point availal)le in the 
boiling point of oxygen, hut it must be ri'uumibert'd 
that there is no justification for u.sing the fixed 
points- melting ice, steam, and the boiling })oint of 
oxyji^en — for fixing tin* constants of a })arabolie 
formula for use in the range 200 ' (^. to -j 100® C. 

It is not ])roposed to <leal here with the details 
of the calibration of resistance thermonuters to 
serve as •working .standards for reproducing the 
temperature scale : for this, reference must bo 
made to the larger treaty's mentioiH'd in the 
bibliography. 

Instruments for commercial measurements, com- 
prising a resistance thermometer and inclicator or 
recorder, are calibrated by means of the equipment 
already dewribed in the*case*of the mercury ther- 
mometer, and therein ^ the, corrections for both 
thermometer and in<lica\or are obtained in a si^igle 
operation. •* • 

A description will now b^ given of some novel 
equipments utilizing the resistance thermometer. 

Ohqpeter Type of Resistance Thermometer 
Indicator.* 

Tl^^ principle of the ohiUmeter has l)een utilized 
in the desigfi of temperature indicators, as this 

• An dec»ric iranamitting radiator tbemfiometor, Proc. Phy, 
Soe. Vd. XXXIII, p. 141, 1920, 
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means the indications of the instrumemts are 
rendered indepeitdent of variations in the batter^ 
current, pr 9 vided tlfey do not exceed certain limits. 
The instrument described below was one used on an 
aeroplane for indicating the temperature in the 
radiator ; two^hermometers bein^ connected to the 
saftie indicator through a change-over, switch. 

The resistance thermometer is made of platinum 
wire, wound on a strip of mieanite. The coil is 
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enclosed in a flar- eopoer tube, forming part of a 
bra^s elbow which screws into the radiator. The 
resistance of the thermometer coil at^.ero centigrade 
is about 90 ohms ; thi^ high resistance is desirable 
in view of the fact that no compensation is applied 
for the change in resistance of the connecting leads, 
and the variation in these leads would be impoH^nt 
with a toW reftistance therpiometer. A push-button 
switch forms part of tHe equipment, so tha^ the 
current is only used during the actual olii^rvation. 

The fndicator (Fig. 22) is a mfniature form of the 
well-known simple ohmmeter ; it is based on the 




RESIStInCE TrfERMOMETERS 67 

moving coil principle. The two coils are wound 
Crosswise on the same aluminium* frame, and move 
freely in a powerful magnetfc field. .One coil is 
connected through a rt'sistance across the battery 
(see Fig. 23), and circuit connections may be traced 
from the battery ^t)y coiuluctors 1 afW 10. resistance 
11. conductor 12. coil 13, conductor 7, resistam^ 8, 
and conductor 0 to the battery. The other coil is 
connected in series with the resistanct* fliermomefer. 
Circuit connections may be traced from tlie battery 
•by conductors 1 and 2. resistance 3, conductor 4, 
through the therniomet(*r, l)y (conductor 5, coil C, 
co/iductor 7, resistan?‘e 8. and C(^iduclor 0 to the 
battery. 

rp. . u elect romotlfc force 

T he indication IS thus tin* ratio - , 

« * current 

i.e. the resistanc(* of the tlv(‘rnioin(‘tcr circuit. The 
reading is theoretically indf])end(‘nt of the })r(**^sun'! 
employed, but actually the K.M.F. must be kept 
within limits ; otherwise, if the K.M.F. is too low, 
friction decreases the sensitivity, and if too high, 
the current causes appreciable heating iij) of the 
resistance thermometer Tibovt* its surrrtnndiiigs. 

The same rule should, in {act. be used here as in 
the case of the laborafory platinum thermonwter ; 
the ciu’rent shmild always have about the sinne value 
as that used in the calibration of the instrument. 

It will be evident from the {irinciple of this 
instrument that, owing to the ab.sence of any control 
spring, the pointer always remains at a jiosition 
somewhere away from the zero, depgndiftg on the 
last reading taken. This* apparent reading would 
prole som^hat deceptive, and therefore requires 
to be eliminated b| .some form of clamp for setting 
the pointer back to zero. The clamp in this 
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particular instrument consists of a srnai arm, 
pivoted about a ^^ertical axis, and arranged to hold* 
the pointer jit zero by the action of a spring. When 
the current is switched on, the arm is immediately 

CoUt^onnected to 



swung round beyond tlie top of the scale by a small 
electromagnet connected across the battery, 
remains* ftxed while the reading is taken. As soon 
as the current is switcited off again the arm is 
released and returns the pointer to zero.* * 
This device will be clear from ^'ig. 23. The scale 
of the instrument is very cramped, owing chiefly 
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to the large angle subtended by the cross coils (60® in 
•this case). The graduation is, iftoreovcr. not uni- 
form, but closed up in the central part. of the scale, 
making the calibration somewhat troublesome. It 
would, of course, be an improvement to use a smaller 
range of temperature for the })urp(^ of controlling 
the temperature of the water in the radiator (inaCcad 
of 0'^ to 100® as in this instrument). 

Recording Thermometer for Clinical Work. 

* In medical research it is necessary at times to 
obtain coiitinuous records of the body t(‘mperature 
over an interval of several hours. «ind with an ojkjii 
temperatun* scale. 

An instrument u.sed for this purpose was itescribed 
by Mr. U. S. Whipple in a i)aper published in the 
Journal of the institution^ of Electrical KmjineerSy 
April. 1920. The resistaifce thermometer was of 
the usual pattern platinum wire wound on a mica 
cross and enclosed in a silver sh(‘ath. 

The arrangenumt shown in Fig. 24 consists of a 
Wheatstone’s bridge in wliieh the thermometer 
forms one rfirm ; balancitig caflls being arranged in the 
opposite arm to balance ^the .resistance of the 
thermometer at any •prx'determined tempery,ture. 
The ratio eoik are equal. • 

The galvanon^eter, which is of the moving-coil 
type, i.s connected acro.ss the arms of thewbridge, and 
it is the deflections of the coil that are recorded. 
Fgr the small angle through which the coil is deflected 
(maximum about 25®) the deflections (ye pft>f)ortional 
to the amount the bridg€#i.s out of balance, viz. to 
th^ change in resistance of the thermometer coil 
with a given chaftge in temperature. In a direct 
deflection method such as this, it is obvious that the 
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galvanometer deflection must depend on the Electro- 
motive force of thti battery, and what few complica- 



Fio. 24. 

CmCClT OlAURAM OV RESISTANCE THERMOMETER FOR 
^ ^ Clinical Work. 

tions there are in the ajfpatatus have had to^be 
introduced to control this. The method of adjusting 
the apparatus is simple, * 

Before the battery circuit is closed, viz. with the 
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switch ill th^ “ off position, the zero of the galvano- 
ftieter is determined. This shoiiWl be on the line 
corresponding to the lowest temperature (say, 1)0° F.) 
recorded by the thermometer. If it *is not. the 
pointer is readily brought into tlie desired ])ositiou 
by rotating the* torsion head fn^pi whieli tlie 
galvanometer^coil is suspended. ^ 

The electrical zero of tlie bridge the one in w hieli 
no current is passing through the galvanometer coil 
when the battery switch is closed -is then detiT- 
mined. The J^bigs attached to the heavy fh^xible 
leads, and bIiowmi symmetrically on both sid(‘s of the 
diiigram, are placed iti the zero positions. It will 
be ob.served that the thermometer coil and its leads, 
and the corresponding balancing coils and (^mpen- 
sating leijjls, are then cut out, the ratio coils being 
balanced against jbhe coils and liy If, wh(‘n the 
switch is closed, the galvaijometer is not dellected, 
the electrical zero is correctly adjusted. If it is 
deHected, the slider S is moved on the slide wire 
until balance is re.stored. The instrument must 
then be adjusted so that the* galvanometer coil is 
defledled tjirough a defiEit<' JEiglc for a^given change 
in the resistance of tle^ thermometer. Experience 
showed that the niakiug of*the fest by heating or 
cooling the tl^ermorncter was tedious, and a^ the 
teat should be made every 'li hours, it was ‘advisable 
to introduce a ‘test resistance which^ would be 
equivalent to an increase in the resistance of the 
thermometer for a given change in temiierature. In 
p^tico, a mungaiiin coil having a rcsistiince equal 
to the increase in resbtanqp of the th^mometer coil, 
for% rise in temperature of 10° F., is used. This is 
marked “ calibrating,” and is shown in the right of the 
diagram. WTien this is introduced the galvanometer 
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should be deflected and the pointer ^houjd read 
106® F. If it reads low then the electromotive 
force on the bridge is^not sufficiently high, and should 
be raised by cutting out some of the battery resist- 
ance by means of the rheostat. In the same, say, 
if the galvanon^ter reading is too high, the electro- 
motive force should be reduced. In the later form 
of the instrument the sensibility is altered by an 
adjustable magnetic shunt, thus avoiding the use of 
a rheostat. 

These various adjustments having been made, the* 
two plugs are placed in the “recording.” position 
and the apparatus is ready for u.se. The travellhig 
plug (Trav.) is placed in the hole corresponding to 
the tenn)erature range desired, the usual one being 
06° to i06° F. By introducing or cutting out the 
coils shown in the arm of the bridge opposite to the 
thermometer, the range \)ver which records can be 
obtained may be varied. The ranges generally 
used are 88° ‘to 08° F., 06° to 106° F., and 102° to 
112° F. . 

Air-temperature Outfit for Survey Work.* . 

The effect.'! *of atmospheric refraction are of con- 
siderable iinportaitce imsurv^'y work, so the Indian 
Survey Department has, in conjunction with the 
N.P.L., designed an oi^fit for measiiring the dis- 
tribution of temperature in the jttmosphere from 
the ground bp to a height of 150 ft. 

A number of resistance thermometers are con- 
nected iQ series with a standard coil of manganili. 
A constant current is maintained in the circuit, and 
the volt-drop over each tliermometer measm'ed 
in turn, by means of liglit potential leads connected 

♦ Report of the N.P.L., 1921. 
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to a po^nti^meter, and is compared with that over 
Mie standard resistance. ♦ 

Referring to Fig. 25, whicln shows the general 
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General Arrangement of Rkhihtanck Thkrmomktkbr 
Used for Air-temperature Meahuhkmknts ft.’ Survey 
Work (see also Fig. 26). 

arAngement of the circuits, ^ is a battery of dry 
cells capable of maintairiing a current of about 
0*01* ampere in the circuit ; R is an adjustable 
rheostat ; 5 is a standard raanganin coil of 26 ohms ; 
Tt Tf T, are platinum resistance thermometers, each 
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having about 26 ohms resistance at and a 
fundamental int^val of 10 ohms. Light potentiid 
Jeads run from S ami from T, T, T, to a potentio- 
meter through a selector switch. The whole circuit, 
apart from the platinum thermometers, is of man- 
ganin, anti a »?ami)ing resistance B of 1,000 ohms 
of (nanganin is also included. Fluefuations in the 



thermometer, 

J(6. ' 

(/ONNKC’TION J)l.\ORAM OP liox OONTAININO STANDARD 
Rk.«IISTAN('E, RHKtWTAT^, SWAMI*1N(» RksISTANCE, AXD 

^ Me.asurkmknts (skk‘ AMO Flo. 25). 

current, due to temperltture changes in the circuit, 
are thus repdered negligible, 

A diagram of the connections of the box containing 
the standard resistance, rheostat, swamping resist- 
ance, and* the selector switch for the potential leads 
is shown in F%. 26. c* 

Each platinum thermometer in this»outfit in- 
sists of a strip of platinum 12 milgpw ide, 2 mils thick, 
and about 14 ft, long, wound on a framew'ork of 
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four mectnite-covered pillars held by east iron ends. 
C^st iron was chosen because itfi ccK'flicient of 
expansion was not very diffei^nt from that of 
platinum, so the po.ssibility of strain by teniperature 
changes was diminished. 

The thermometefs were })rote(‘ted })erforated 
sheet metal arul supported inside large screens 
aluminium -}fctiinted balloon fabric, 'riiese et)nsistc‘d 
of three horizontal layers of fabric abov(‘ the ther- 
mometer and two horizontal layers b(‘low. their 
object being to prevent solar and Utrrestrial radiation 
from affectiifg the iiLstrumbiit. 

A* portable tyj)e of j)otentionieter, was em))loyed 
reading from 230 to 330 millivolts, and the sensitivity 
was such that the teinj)eratures could be to 
about 0'02iC. 

• 

Temperature of Generator J^ld-coiJs. 

On some of the American ships, fitbal with (‘leetric 
propulsion, indicators are installed to show the 
temperature of the field windings at anynnoment. 
A dia^ammatic view of the instrument is given 
in Fig. 27. .It consists oSa potential aud a current 
element. The vanes arc attached to a coininon 
movable shaft at such •An angle with resjK'ct to 
each other, thatj^when the t^\o stationary <^oils*are 
excited the torques produeeli in the vanes are in 
opposite directions! ^ 

There is no spring control on the movable shaft, 
80 tj^at the resultant position taken uj) by the shaft 
depends only on the ratio of currents in»the two 
stationary coils ; or, sine# one coil Is connected 
acro^ the fieid, and the other in series with the field, 
it depends on the rjitio of volts applied to the field 
coils of the generator to the current in the field, i.e. 
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the resistance of the field coils. Since the^mpera- 
ture coefficient (rf the resistance of copper is knovffi, 
the instrument is calibrated directly in temperature. 
The instrument must, of course, be calibrated for 
the field to which it is to be connected. 


Alternator field 



Coius OF Alternator. 

The two rolls nml the tir in the i)lane of tlie paper, i. 

* • 

Temperature bf Undergi4iund Cables for Electrical 
Supply. « '' 

Overloading of supply mains 'has to be carefully 
guarded against, and the most satisfactory way ^ 
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doing tWs ia* to observe the temjMjrature of the 
crfble. • 

In a system developed by Messrs. Siemens Bros., 
a nickel wire is incorporated in the cable, but well 
insulated from the conductors. This nickel wire 
forms one arm of » Wheatstone's bridge, the other 
three arms beiijg mounted behind the panel carryjpj^ 
the indicator or recorder in the ])ower station. 


ft. 



Diagrammatic Hkrkkhkn- 

TATION OF /V'. KuhIM ANCF ^ 

Thkrmomi trr ah 1\ki) for 
Hot Spot !V!KAHyRKMF.|{TH 
IN Tranhf<^merh (hkk also 
Flo. 2!>). 

* 

Thus, by observing the hulicator, the engineer 
can ascertain the temperature of the gickel wire 
and hence keep watch on the cable. 

Teftiperatore Indicator for Transformer I^inding. 

To operate transformels so as tl> obtain the 
maximum dutput, and yet not endanger the insula- 
tion by overheating, is a problem which needs an 
accurate knowledge of the “ hot spot ’ temperaturea 
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for its solution. Of the various siiftple tschemes 
which have been proposed for measuring the hftt 
spot temperatures, cthe resistance thermometer with 
the resistance unit actually embedded in the wind- 
ings, and at the same time insulated from the 
tem})erature-^Jicating instrument, has proved to be 
the most promising. 

* Vhe novel feature of the device to be described is 
the method of insulating the thermometer unit (which 
may bo '<..t 27,000 volts or so) from the indicator, 
ami lienee the operator. • 

The arrangement is, es-sentially, a V^heatstone’s 
bridge supplied with alternating current instead^ of 
continuous (see ''Fig. 28). Two arms of the bridge, 
fi(\ cl), are formed by the secondary winding of a 
jiotenlial transformer ; the third arm by,^i constant 
resistance ; and the fourth arm' by the primary 
winding of a transformer, the secondary of which 
is connected to a non-inductive copper resistance R, 
which is imbedded in the winding of the transformer 
whose tenjperaturc is to be measured. 

Heferring to the wiring diagram shown in Fig. 29, 
an alternating E.M.F, E is applied to the primary 
winding of ’ the potential transformer ; and a 
secondary E.M.F* E^ is indiiced between the points 
a akd h. Between these two points are three 
circuits, two of which, ceb and adh, form the bridge, 
while the third ab is the fixed coil circuit of a 
separately-bxcited dynamometer D. As the tem- 
])erature of the transformer changes, the resistance 
of tlie fojuier unit R changes, thereby affect^ 
the balance ol»the bridge^, The dynamometer, with 
its movable coil connected across the points* dc, 
denotes the amount that the bridge is out of balance. 
The scale is marked in temperature ranging from 
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20° to WO® C. The therinometric element consists 
di two insulated copper wires, wound spirally about 
a flat insulated copper core, anil joined together at 
one end of the unit, which makes it noil-inductive. 
The unit is from 20 to 25 ft. in length, and is placed 
either between the* turns or the strau^s of the coil, 
(le|iending on jvhether one or more strands ])er tijim 
is used. ' 


ft 



Kic. IMK 

CONNKITION l)lA<iRAM K)K A.t'. Ul^SlSTANi’K 
ThKRMOMKTKR {HKK AMO FlO. 28). 

• * * « 

To prevent the resistance unit forming a floating 
conductor (electrically Npeakhig) ih the transformer, 
one point of t^ie unit is solidly connected t(t the 
adjacent conductor of the inain coil. The^iotential 
of the unit being* the same as that of the adjacent 
conductor, it is necessary to use only a light 
insulation. 

Since the reading of the meter will clijjnge with 
a change in the exciting foltage, exA^pt when the 
bridge is balanced, it is necessary to correct for this. 

The conditions are so arranged that the bridge is 
balanced at the most important temperature (about 
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100® C.) ; as the temperature varies from® 100® C. 
the error due to ehanges in voltage increases. * 
To correct for Uhis, the primary side of the 
potential transformer is provided with several 5-volt 
taps. By this means the operator is able tp adjust 
the secondary^voltage to within Rbout 2-5 per cent 
of i^s designed value. 
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CHAPTER V 

OPTICAL PYROMBTRY 

• 

The u})per*liiiiit to the use of a therinoelemcnt is 
about 1,400"^ C. and altliough it is possi^l^le to use 
the platinum-platinum 10 jier cent rhodium 
element uj) to 1,550'" C., ^t is very costly to do so, 
for, the wiTes detericj^atc rapidly at these high 
temperatures. • 

Fortunately there is available a number of 
different tyjx's of radiation jiyrometers suitaWe for 
work up t^ the Jiighest temperatures, so there is no 
justification for forcing the. thermoelement beyond 
its safe working temperature. 

Pyrometers based on the laws of heat and light 
radiation have the great convenience that it is not 
necessary to submit them to the extreme* temiwra- 
ture t^) be measured, and it is on this account that 
they are of*such utility fti imfustrial work. 

It is proposed to deal her^ only with one of the 
variety of ojdical pyroiffeters availabhs namely, the 
disappearing fUament type. Tliis instruinent is 
based on the weR-known fac*t that the intensity of 
the light emitted by a hot object inercases as the 
temperature is raised. 

Te&perahire and Luminous Intensity^ 

Theoretical and practical researches have shown 
that? the relation between the light of any particular 
colour or wavelength emitted from an incandescent 
surface, and the temperature of the latter is a very 

«~<M80) 81 
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simple one if the /surface, when cooled aown, is dea4 
black in appearance^ The theory by which the laws 
are deduced postulate a perfectly black surface, and 
this implies a somewhat ideal surface, very different 
from those o{, polished metals. ,, Untreated* carbon 
is a very close approach to this ideal. 

It has been discovered, as the result of these 
theoretical researches, that tlic light' projected 
through a' hole in an incandescent enclosure, such as 
a furnace uniformly heated, is practically identical 
with that which would bf' emitted by ^a perfectly 
black surface. This was a discovery of funtlamenial 
importance, sineb it permitted the application of the 
simple theoH'tical laws to the computation of the 
temperature of furnaces, muffles, etc. Of course, it 
is not always permissible to assume that the walls 
of a furnace are absolutely uniform in temperature, 
but usually the variations are not of such serious 
magnitud(^ as to cause big errors in temperature 
measurements. 

According to the law discovered by Wien, the 
relation between the intensity E of the light cf any 
particular wavelength A, and the temperature of the 
perfectly black surface is given by the formula — 

E ^ — 

3 

where Ci and are constants. 

This formula is based on plausible assumptions 
concerning the mechanics of the radiation emission 
from atoms, and represebts with fair accuracy the 
distribution of enei^ in the spectrum, but it fails 
for large values of A or of T, i.e. if the product AT , 
exceeds 3,000. ' 



OPTICAL TYROMETRV 


83 


Planck’s formula — 



I) 


is capable of representing the experimental facts 
over the enttre range, hut is scarcely more flia^i 
an empirical iormula. Jts deduction from theoret- 
ical considerations requires assumptioiu^vhich are 
jrreconcilable with th(‘ fumlamental })riucij)les of 
electrodynamics. * 

•It will be observed Uiat Planck's equation reduces 
to that of Wien's for small values iff AT. Hence, in 
practical pyrometry, Wiim's form is generally 
employed on account of its convenience' m its 
logarithmTc form - 

i.e. a linear relation between log K and 

Th^ isolation of a particular wavelength of light A, 
or more accurately a naft*ow Hj)ectral bitnd, from the 
continuous spectrum of^ the •[perfectly black surface 
is effected by the use *of a special red glass vJiich 
is inserted in th» eye-piece of the instrumcnt« 

Limitations of Filter-type Optical Pyrometers. 

There are a number of pyrometers in use which 
hajre no theoretical basis whatsoever. Iqyentors 
have frequently attempted to praduefi optical 
pyrometers, utilizing the met that it is possible to 
f ut off the light from the hot object or furnace by 
nterposing in fronf of the observer’s eye a screen 
\ graduated absorption value. The temperature 
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is then estimated, by the thickness of the smoked^ 
glass or other absort^mt required to just extinguish 
the light. •Unfortunately, however, such instru- 
ments assume that the human eye has a constant 
sensitivity. ^^Jq^w it is a well-established fact that 
big variations in the sensitivity of the eye are 
pto(^uced by fatigue and other uncontrollable factors. 
Then again, different observers havecnofc the same 
acuity of '^sion as regartls the minimum intensity 
of luminous radiation perceptible to the eye. The^ 
experiments of Abney and Watson* indicate that 
for red light this threshold intensity may vary five- 
fold for different observers. Such an increase in 
luminous energy would be caused by a temperature 
change of the order of 100 ' ('. in the region of 
1,000" C., so that occasional errors of this Order must 
be expected with instruments of tliis type. The 
alternative is to ein])lov' in the design of pyrometers 
a source of light to serve as a standard for making 
comparisons. The eye is then used only for match- 
ing and no assumption has to be made as to 
constancy. ,i 

A variety of pyrometers'’ have heen designed in 
which either an clectnSc lamj) or an amyl acetate 
flamr is the standard of reference. An electric 
lamp, if properly aged, has many practical advan- 
tages over the amyl acetate flame, and it is probable 
that in the course of time it wall entirely supplant 
the flame in industrial pyrometers. 

The Disappeacing Filament Type Optical Pyromet^. 

This t}q)e of pyrometer was introduced about 
twenty years ago by Morse in the U.S.A., but the 
principle involved — the matching of the brightness 

♦ Phil. Trans. Roy. Soc. Vol. 216, p. 91, 1916. 
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of a lalnp filament against that of the hot object — 
Vas in use as far back as 1888^ fn its earliest form 
the Morse pyrometer (Fig. 30) consisteil of a metal 
tube about 3 in. in diameter and 8 in, long, open at 
both ends, and provided on one side with a projection 
serving as a mean^ for holding an incfjflideseent lamp- 
holder. At ^h(‘ centre of the tube wa.s Tnounted the 
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* PvHOMl.TKK. 

lamp, which was connected ^in scries with a hj^tery, 
rheostat, and yiilliammeter. , 

In making a temperature measurement the 
operator holds the ])yrometer in fronts of his eye, 
and, looking through, ob.serves the lamp filament 
s^jperimposcd on the furnace or hot object as 
background. Owing to the different dktknccs of 
lamp and furnace from tfte observer it is necessary 
to^ary tin? accommodation of the^eye wheii looking 
at one object ami* then the other. By adjustment 
of the rheostat the currc-nt in the lamp is varied 
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progressively until the lamp filament and Kirnace 
appear equally Bri^t. When the filament dis- 
appears agqinst the furnace as background, the 
current through the filament is a measure of the 
temperature. • 

The consisteffcy of results thaf can be procured 
witlfc this somewhat crude device is rather surprising. 
Tlui writer recently found one in wfV’ks'use where 
the instrument had been sim])ly coiLstructed from 
a large car(lt)oard tube and a 100 watt lamp. 

Fm. 31. 

Modern Form of the Disapi’earinci Filament Oitical 
Pyrometer ah made by Siemens Bros., Ltd. 

Soon after, the introduetion of the Morse instru- 
ment, several investigators improved it by adding 
an objective and an eye-^)iecei The objective projects 
an inlage of the furnace upon the plane of the lamp 
filament, and the fatigue of the eye due to con- 
stantly varying the accommodation is avoided. 
The modern form of the instrument comprises a 
telescope, a variable rheostat, battery, and ammeter. 
The ammqfer readings are converted to temperatuAs 
by the aid of ^ table or thart. Fig. 31 illustrates 
one modern form of this pyrometer as manufactu&ed 
by Messrs. Siemeils Bros. « 

In order to obtain a compact portable instrument 
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for uso^n tlie furnace room, the writer constructed 
^he instrument shown in Fig. S2. In this tlie 
telescope, ammeter, and rheosttft are a self-contained 
unit. The scale of the indicator is gradijak‘d to 
read temperatures. The handle of the rheostat is 
not shown, as it is f»n the opposite sid# to that taken 
in tlie phot(*gra])li. 'Fhe battery, of* course, is 
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Portable !Ski,k-<’Ontainki> O^tu aj. Pvrometkb. 
Ti'h*HC(ipc, ^arla^ll(• rfii^wtat and aiiiiiii'U‘r fti nin* uiiH. 


separate. Two scale rmiges^ are obtainable by tlie 
use of a dark glass screen ; the ranges on the pftsent 
instrument l)eing 700^" to *1,400 ; 1.000'^ to 

2,500*^ C. (with absorption screen interfiosed). The 
instrument was calibrated over the range 700' to 
1,400° C. by observations on a furnace the tem- 
p^ature of which was measured by % thermo- 
element. The higher rari|e was obtained by theo- 
retfcal calculation based on the data obtained in 
the calibration at the lower terap^atures. 

Should the lamp l)e broken it is possible to replace 
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it without re-engraving the scale, lor, irom*a large 
batch of lamps, ‘a number can be selected whicR 
have practically identical temperature-current 
values. 

It may be of interest to quote a typicaj set of 
values for laiiips of the type employed in optical 
^rj)metry f these are given in Tabl^ IV. 


'J’ABLE IV I 

Tyi’K'Aii VAi^rrKS or Tempkuature and Filament Cukhent 
FOR Disappeaiuno Filamknt Type Optk al Pyromktek 


1\‘mppruture, 

“C. 

^Current througlf filament, 

* in amperes. 

700 

0-20 

• 800 

0-23 

900 

026 , 

1,000 

n-29 

1,100 

* 0-?2 

1,200 

, 0-35 

1,300 

0-39 

1,400 

0-43 


From tlwse data it will be observed that the full 
scale of the ammeter cannot be utilized since the 
lamp require;^ about ft' 2 amp. before the filament 
begins to glow. Consequently ammeters with “ set 
back” zeros are someumes .employed with optical 
pyrofneters. ^ 

The ammeter shown® on the portable pyrometer 
(Fig. 32) is not well adapted for niuch “ set back ” 
of zero. A more satisfactory type of ammeter 
would be one with the pole shoes and core so shaped 
that th» frst part of the scale was contracted and 
then opened out over thetworking range. 

An instrument developed from the* design* of 
Fig. 32 is showrf in Fig. 33. This instrument is 
manufactured by the Cambridge Instrument Co. 
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AnotAer method of overcoming the difficulty of 
the contracted scale is that devisf‘d by Mr. F. H. 
Schofield.* It consists essentially of a bridge, of 
which the pyrometer lamp forms one arm (see 
Fig. 34^. The other arms n, u, and d are of man- 
ganin. The value* of d is so elioseifithat with the 



filament running at any particular tcmperafure (say, 
700® C.) the briclge is balanced. The zero of the 
scale thus corresponds to a reading of foo® C. If, 
now, the current in the bridge be increased by 
adjusting the rheostat r, the temperature* of the 
lamp increases and its •resistance Changes. The 
othftr arms cemaining unchanged in resistance, this 
will cause an out -of -balance deflection in the 

* Journal of Scientific Instruments, Vol. 1, No. 7, April, 1924. 
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galvanometer. The resistance b in series ^ith the 
galvanometer, which controls its sensitivity, is fixeA 
at such a value that the extreme erui of the scale 
is made to correspond to a certain up}x?r limit of 
temperature (say, 1,3(K)'^ (\). Thus the desired 
tem}K'mture rtiMge (7()(f - l.:i00^(?.) is made to fill 



Connection Diagram Oi^ical Pyrometer Using 
A BRtooK Circuit to SKct?HK an Open Scale. 


exactly the whole lehgth of the galvanometer 
scale. 

The rt'lation between the current Cg through the 
galvanometer and the current C through the la^p 
arm of tl^ bridge can be §hown to be — 

“ » 2ad + Sf (a 

g being the total resistance of the Kalvanometer ^nA 
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series relistance b, and x that of the lamp arm of 
tlfe bridge. Thus— 

Cg oc (.r - (I) C. 



* Fia. 35. 

CUKRKNT-VOLTAOK CHARACTBBISTU? OF XUNaSTKN 

Filamknt Lamp for Usk in an Oitical 
Pyromkter. 


■In Mer to ^estimate the scale law of the atrange- 
nient, reference m%y be made to* Fig. 35, which 
nhows the ampere-volt relationahip of a tungsten 



!)2 PYROMETE^iiS 

filament lamp of the type used fn these pyrometers. 
It will ))e seen xhat over the range with which we 
are concerned (700 ’-l.4(Kr 0.) the relationship is 
a[)proximat.(“ly linear, so that - 

K m(' - 



Fui. 

t)i4i(;Vi, Pykomktkk m\!)k iiv Fostkii Instrumknt Co, 
WITH 1nTKK(’HAN(;K:.BI.K “ EAMI’-ltltlDCK I'NIT.” 

(SCO Fig. ;n ) 

where m and a are constants. This gives the 
following relation bet^TCen resistance ami currer^t— 

R rti - 

If now' the bridge is in balance for a current (7, and 
resistance jK, in the lamp arm, the out-of-balance 
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djfflectioh for a cnrreiit i \ and r(‘sistance /?2 will ho 
given by - - ^ * 

r„x [R.- 



« 


since (\ is constant. 

• Hence w(‘ gc't the rather curious result that the 
scale law fyr the hridgci arrangement is approxi- 
mJttely the same as •that given by *th(‘ sim})le 
current-tom jKTaturc relationship. • 

If each lamp is as.so(‘iated with its own n'sistances 
d and h it is obvious that lamps a(ljust<‘d f/^r the 
same ti'mjX'ratifrc; range will be inbu'changcable in 
the bridge. Iti practice* it is convenie'iit to associate 
the four resistances witli the*lamp and separate them 
from the system at the points c. /, //. in Kig. 34. 


Laboratory Standard Optical Pyrometer. 

For work of the higlif*st {.•’(‘cision it, is lu'cessary 
to use a more (‘laborate fo^m (►f instrum(*.nt than 
would suflice for works'»hse. 

The laboratory standard optical pyromet(*r, sfiowii 
in Fig. 37, is in use in the Reat I)<‘partinent of the 
National Physical Laboratory. Tlu^ design of this 
instrument is due to F. H. 8cholield and Edgar A. 
Griffiths, and is bas(‘d on the re.s(‘arc*hes of Forsythe 
and his collaborators at the Nela R(*.‘jcarcb Labora- 
tory. The in.strument isV duplex one, two lamps 
being fitted which can be readily intcrchaftged by 
the movement of* a lever. Thus check may be 
maintained over the permanency of the calibrations. 
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Tiic lamp carriage is so designed that each lamp c^ 
be adjusted in tiire^ planes without disturbing the 
otlier. Tl\e range of temperature that can be 



* Ki(t. 37. 

Laboratory Standard Oitioal Pyrometer. 


measured* in vhe ordinary way is from 650® to 
1,500® Q For measurements beyond .this upper 
limit it is necessary to employ som^ device for cutting 
down the intensity of the light from the hot object 
by a definite amount. The usual practice is to insert 
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ajiiece ol neutral tinted glass in the path of tlie beam 
from the hot object and deterjniift* its abs()r})tion 
factor experimentally, but where it is desirable to 
obtain by calculation the magnitude of this reduction 
factor, rotating sectors must b(‘ used. These are 
discs of steel with radial slots. The'fange of tcun- 
perature available with various sized » sectors^ is 
illustrated lly tjie following (‘xamplc 
A pyrometer calibrated with full aperture had a 
scale covering the rang(‘ up to I .afjO" ; vith a 
55 sector the range was (‘^temUsl to 2.r)n0'’ (\ ; and 
with a jgo i^bctor tlie scal(‘ was e\tend(*d to include 
the melting ])()ini of tungsten (Il.thM), ('. apj)ro\.). 

Th(' ditliculty in the use of s(‘ctors is that tluw 
have to rotate at such a sj)e(‘d that no llid^er is 
noticeabh'.* To , accom})lish this the alternations 
must be at least to 40 ])er second. This is for 
the condition where the oiHiii and clos(‘d spaces of 
the sector are about e(pial in size. If then* is a 
very great dilh'reiu'e between the op(‘n and closed 
part.s of the sector, as for instance, in the. case of a 
2-degtee sector w ith two 1 -degree ojx'nings, the speed 
must be higher. * * 

Hence, except for standard laboratory instru- 
ments, the use of a rotating sector is not to be 
recommended, but a piece of neutral -tinted ^lass 
calibrated on a standard instl'unient. 

In the case of the instrument illustrated in 
Fig. 37, sectors about 14 in. in diameter are rotated 
by^a i h.p. motor. The sectors are interposed just in 
front of the lamps as recommended by Foijsythe. 

Scale Range of Variou-s^^ecion. Tne radial slots 
in fhe varidus sectors of the instrument, shown in 
Fig. 37, were so planned that the ertergy transmitted 
was reduced in the proportions shown in Table V, 
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which also gives the extension of tne temperature 
scale corr(*-sponfiin^ to the melting point of 
palladium (1,828° K.)* - 


TABLE V 

RkiujctiLv (tK Enkkuy Tii\NSM[TTpaj AND ExtknIsion of 

St’ALK OK (fih’D'AT, l*yKO\IKTKIt HY UsK OK SkCTOKS 


No of 

Opoiiin^s. 


Total 

TnuiMimssioii 


Extciihioii *'f Sralo from 
l,S28'’‘K. for a Wave- 
of O-fity/. 


(] 

() 

(’) 

3 


(» 7U> 

r 0-247 
0-08 1 I 
0 0300 
0 0103 
0 00 r) 7 .") 


"K. 

I#:i74 

l.Ofl 

2,071 

2,317 

2,580 

2,705 


Pyrometer Lamps. 

KitlHU* tungsten or carbon lilament lamps are 
suitable for use in optical pyrometers. 

Some cf^re is necessary in the process of manu- 
facture when selecting the bulbs. Any striations or 
defects in the glass whKdi happen to come* in the line 
of sight, will rentier t(je lain]) of but little use in 
pyrometry. Troubles with (Icfeets in the glass walls 
become particidarly insistent when -the highest pre- 
cision is aimed at in tem'perjiture measurements. 

The Bureau of Standards has recently succeeded 
in constructing lamps with o])tical flats in the bulbs 
to sight through. A sketch of one type of laipp 
evolved* i? shojvni in Fig. .38. Two optical flats are 
fused on to the ends of ?he cylindrical glass tijbe 
constituting the lamp bulb, so that th6 distortion 
of the image due to inhomogeneity of the glass walls 

♦ K denotes absolute temperatures, i.e. Centigrade -f 273. 



optiJal PYP/)METRY 


97 


is eliminated. Such lamps should prove of great 
Service in pyrometry when they become available 
commercially. 



1)R. F\1K(’HIMJ. of thk 

OK S"JAV|) ?K1)S. * 

The (lilts ;ip‘ imlin.d t(» fh<> v<'rfi..il «o 
a\oitl,niiiltiiil<- rcIliM (Kiti- of (li.‘ (llaincnt. ^ 

• 

Calibration of Optical Pyrometers. 

The usual prtjcedure is to give t)pti(;al ]>yrom(‘ters 
a noint by point calibration over the range from 
almut G50° to 1 C. A furnace .siytabh* for such 
calibrations is illustrated Fig. 39. 

for the major portion of thti temp(*rature^ range a 
thermoelement (calibrated by mealis of the freezing 
points of pure metals as described in Chap. Ill) is 

7— (5380) 
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iiRerl for determining the temperature of theiurnace. 
This thermoelement is so arranged that its junctiofi 
is in contact with tHe surface of tlie fireclay plug in 
the centre of the furnace, upon which the pyrometer 
is sighted. 

For the lifji^host point the 'melting point of 
palladium, ,1, 555'' is observed direptly. Since it 
IS only possible to attain temperatures of the order 
of 1,450 in furnaces wound singly with platinum 
foil, oi\ accbiint of the liability to fuse the platinum, 
the cascade ])rinciple is adopted for the highei* 
temperatures. Two conc(^'ntri(! tubes wound with 
platinum foil arc employed. 

The external winding brings the temperature of 
the fprnace up to about 1,000" C., whilst the inner 
winding raises the temperature of the iniier tube to 
1.550" C. 

The “ set up of thp furnace for the palladium 
point is illustrat(‘d in Fig. 30. Across the face of 
the fireclay disc is ])laced a short length of palladium 
wire betw.f'en two platinum leads. The melting of 
the palladiinn is indicated by the rupture of the 
(‘lectric circuit. In thy experiment the temperature 
of the furnace is raised at an extremely slow rate 
and the temp(‘rat'ure is^ obsefved, at the moment of 
rupture, on both the optical pyrometer and the 
tlK^rmoelVinent. The thermoelement then serves 
for maintaining the temperature of the furnace at 
this point for further comparisons. 

An alternate method is to have two thermo- 
couplesvone of which has the hot junction bridged 'ey 
a short length of palladiinn. When the furnace is 
heated up at a steady rate the readings of the two 
couples keep clase together until the melt, when 
there is a well-defined halt. 
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It is also possiUle to attain these temperatures wiiii 
the aid of a gra})hit(f spiral furnace, heated with alter- 
nating current of high amperage and low voltage. 

To prptect the palladium and platinum horn the 
reducing atiji 4 )spherc, a porcelain liner 'tube is 
emj)loycd,^as shown in Fig. 40. 

Wide Strip Filament Lamp for Intercomparison of 
Optical Pyrometers. 

When a numln'r of pyrometers have to be staiv 
dardized, the ])oint by poi'nt calibratior^on a “ black 
body ” furnace', as de.scribcd on p. 07, becoifies 
laborious, and an alternative nudhod which is 
coining into use is to substitute for the furnace a 
lain]) with a heavy tungsten filament, for which the 
relation bi'tween the ajiparent tpiliperatures corre- 
sponding. to a series of definite currents has been 
determined, by the aid of a standard optical 
jiyromcter. 

The s^me method was recently em])loyed in an 
intercomparison* of tem])eraturc scales between the 
National Physical Lajioratpry and the Nela Research 
Laboratory of the General Electric Co., Cleveland, 
U.S.A. ‘ ‘ . 

These intercom parisons were effected through the 
intermediary of tlireo, heavy current lamps, which 
were especially constructed for tlx* work by the Nela 
Research Laboratory ; some of the lamps had the 
tungsten strip arranged vertically, others had the 
strip I'orizontally. The strips ^^’ere 1-7 mm. wide in 
some lamps knd 2-5 niih^in others. Each lamp was 
provided with an index, so as to indicate thes par- 
ticular area on« which the observations were to be 
taken. 

• N.P.L. Roport, 1922. 
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Fig. 87 shows diagrammatically one of th^ lamps 
set up in front (if the laboratory standard optical 
pyrometer. ‘ 

The resiiHs of tlie intercornparisoiis between the 
data obtytiiual in tlie two laboratories are sh()wn in 
Table; VI 

T.MiLI*: VI 

iNTJSlUJOMrARlSON OK 'I’km 1‘KK \T1' KK Scxf.KS OK N’lir.A KeSKAIU H 
J.,AJl(a{ATOHV AND THK NaTIOxNAD PiIVSJCA^, LaBOHATORV 

All VuIuotj,Kc(lu('(>(l to u (Common Wuvolrtigtli (0 Otio//) 




.National 


Difference : 

Col. (b),, 
less Col, (d). 

Lump 

Xela, l'J20. 

rhy.-,ifal 

Laboratory' 

(«). 

Xela, 1022# 
(h). 

• 

°K 


"K 

'^K. 

T 77 li 

1,410 

1,103 

LlOO 

t + 3 


L.'SOO 

1,000 

J ..70.7 

- I 


1.700 

1,701 

1,704. 

1 0 


2,100 

2.100 

2,104 

1 " " 

T 7.HV. 

l,H2r> 

1,H2.") 

1.H20 

4 1 


2,202 

2,20.7 

2,200 

+ 1 


, 2,710 

2,7.77 

2,7.73 

4 




_ . .. ... 


— _ 


liKFPKKNt’.KS - « t 

Kairclnld mul Hoover- Jour. Opt S</r. .iDi'r. 7 (lUllI). p. .'>43 
A pivpt'r which givtV'^ im aiial\s<!^ of the eau.st‘.H of ditTrnetioti 
anc^ reflection ellects rouml tlu' filament of the ]>yrometer 
lamp. 



CHAPTER VI 

TOTAL KAOIATfON I’VROMKTKK'^ • 

• •• 

iNTRonrcTiox : Kd-^ers Htut. (.•Iia|tlcr on “ Radiation ” ; 
^Vat^!Ou'.s Textbook of PfiysKs, p 291 ; Watuon^ I ii(< nit^diair 
PInjSKs, p.*2ti4^ 

Total radiation pyrometeis utili/t* hotif the visible* 
♦iiid tlie invisible heat radiation (‘initted by a 
hot objeet. , The basic ^a\v is a vt'ry *siin]>le out*, 
iiiiniely, that the tluTirtal radiiition from a “ black ” 
body varies as the fourth ])o\\(T*of its absolute 
temperature. ^ 

Eery deyised tlu' first praetieal tyjie (d iiyiona'ter 
operating on thfh prineiple. 

fn the mocE'rn form of his inhtrum(‘nt a concave 
mirror of stainh'ss steel concentrates the radiation 
on to a pair of minute thermocoujiles connected in 
series. , 

The hot junction of each is a semicircular ])late, 
These^ are jilaced in clo^e proximity to each otluT 
so as to constitute a bl.u-kened n'ceiving disc for the 
radiation. * 

The couples are connectc'd to a jiivoted mdidator. 
Total radiatidn pyromotcfs are a])])lic<»l)le over 
the same range as ojitical jiyrometers, and can also 
be made to indicate down to r>n()'^ C. ITioy require 
a larger object to .sight uj)on. 

Total radiation pyrometer readings ar^^ more 
seriously affected by de})i!!|ture from blacTc body 
conditions ^haii optical pyrometer readings : for 
the same departure the error is about four times 
as much. 
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One advantage possessed by the tot^al rsSdiation, 
which is the pri»»ci 2 )al reason for its extensive use 
in the industries, is tViat it can be made recording. 

The calibration of total radiation pyrometers is 
effected yi much the same way as that employed for 
optical pyron>{»ters. 



Fi(i. 41. 

Tot.4L Rapi\tio.\ I’yromkter wirii 
CJalvanomktkr IUiilt on to the 
Telescope (see also Kios. 42, 43). 

The two .eominercipl forms of total radiation 
pyrometers in general use in this country are the 
Fery, made by tile Cahibridge Instrument Co., and 
the Poster, made by the P'ostcr Instrument Co.; 
full details will be feund in the lists of these 
manufacturers. 

Total Radiation Pyrometer with Indicator Incor- 
porated in Telescope. 

A total' radiation pyrdmr oer recently produced has 
the galvanometer forming an integral part of the 
telescope. This renders the instrument handy to 
use as it weighs only 1 J lb. The general appearance 
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of the instrument is shown in f’ig. 41 , arfil a sfl^ctional 
view is given in Big. 42. • 

Tlie o})jeet glass of t!ie teleseope is made of a glass 
of low abs<)rptive power for heat rays. This lens 



KvACI'ATKD nbl,l<^\MTH THK 
.V»S«>U111NU AM> 'I'llKR- 

MOCOia-I-K ^Oll TIIK 4'OTAh 
n A IH A T r f ) N r V lU) M K T K R 

Shown in Fic. 42 . 

foeuses the image of the hot ohjeet on to a black- 
ened abii^orbiug disc. To this disc the hot juncticin 
of a small theftnocoupfe k* soldered and the wliole 
is enclosed in an evacnated glass bulb, showndn 
Fig. 43. The tw(x leads frtmi the thermocouple are 
connected to a sensitive miliivoltmeter. 
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By tl^e aiU of suittbly plaftnl dia})hragnis ilie 
iiistnimeiit is seff-fociising, and j^dl tlu* (>l)s('rv(‘r 
has to do is to ascertain tliat.tS^i* (listanco between 
the pyrometer and the aperture siglited through is 
within the limits demanded by tlie gt'ometrv of the 
system. ' Tlie a])peiv'anee of tin* lield^^icnved iu the 
telescope indicates whether the distance away from 
the hot ol)ject^js less than th(‘ pr(‘^cribed fiinit. • • 

For an acti«il temperatui;^' measurement, tli(‘ 
observer holds tlie ])yrometer to his eye»;iud sights 
yn the o!)ject, he then pres^es the button which 
releases tlie moving eoil^systmn of th(‘ indicator. 
The needle within a few seconds takes up a ]>osition 
corresponding to tlu‘ temperature.* By releasing 
the button the needle is clamped in this ]>osition, so 
that the temjierature can be read when the ob.st^viT 
lowers the instriwnent from his eye. 

Relation between Thermoelement E.M.F. and 
Temperature of Sighted Object. 

When a gla.'^s plate is inter])o.s(Ml in the beam of 
radiation received by a jiyronu'ter of tlfe “ total 
radiation ’’ type, tlu* " law' " of the instrument is 
no longer that of the foTirth |)o\\er of tin* absolute 
temjierature. 

(Bass absorbs the radlatiim in both the* iiifry,-r('d 
and the ultra-\’>iolet. Speaking generally, crow'ii 
glass would cut (lif |)ractical1y all th<‘ infra-nal of 
wavelength greater than 2’r>a. and in the ultra-violet 
all wavelengths shorttT than O-lloa. 

<i!onseqiiently, we find that the “ law ” of an 
instrument, with a glass fi^it or lens, may be luairly 
tha^of the fifth power of the temperature, the actual 
value of the index varying at dillej;*ent part.s of the 
temperature range. 
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ELKCTKK! FU11N4(’P:.S 

fNTKODUcTtf^N : Moffott’s KUctnc Furnace (Pj/inan, 2h. fid. iirt). 

* t 

In this cha})ter it is,])r(>pose(l to give a sketch of 
ty})ieal furvaces which have been ein])loye(l in recent 
investigations. It is assumed tliat the reader 
familiar with th(5 nichromi'‘-wouiul furnaces obtain- 
able commercially, by m(‘ans.of Avhich fernperaturt^s 
up to about l.fKH)" ('. may be obtained. 

Moljibdenum Wire Wound Furnace. 

The high melting points of tungfden and molyb- 
denum (about ,‘1,300'' and 2,4.')0'' 0. respectively) 
suggest the use of the.sft metals as resistor windings 
for high-tem])erature furnac(‘s. Owing, liowever, to 
the ease with which they form o,xides at high tem- 
peratures' it is necessary to oi)erate them in a 
reducing atmosphere of hydrogen, or of nitrogen 
mixed with al)out 5 ])di* cent of hydrogen'. 

A ty])ical example of a molybdenum furnace is 
show,!! in Eig. 44. This fiilnace was employed by 
Eieldnerpind Hall in their study nA the fusibility 
of coal ash in various atmospheres. 

The w'iroiis wound on a grooved tube of alunduin, 
and when winding such a furnace it is necessary to 
heat the wire to a dull red heat whilst it is beyig 
coiled on»the tube, otherW^e it splits up into fibres. 

Dantsizen has given the following dat^ concen^ng 
molybdenum for ^ the guidance of those desiring to 
construct furnaces with this metal. He states that 
108 
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tlu; sjiccific resistance of molybdenum at 0"' C. js 
4-1 microhms pfir c^n.-eiibe, and that the tempera- 
ture' coeflicient is O-nOo per Hence a wire at 
1,700" ('. lias about S-T) times its resistance at room 
temperature. 

As a rougl<^fule in tiie desinn of a furnace, 6 watts 
per sq. env of heating surface should' be allowed, in 
onl(‘r to maintain a temperature of, 1 ,7M0^ C. 

The winding should be arranged to keep the 
jiotential dto]) less than 1 volt per 2-5 mm. betweeq 
tlie turns. For e.xanqile, ^f two adjacent turns of a 
winding are T-a mm. a|)art, a potential (*irop of mopt; 
than II volts in a^single turn might lead to breakdown 
in tlu^ insulation of the alundiim tube at high 
tenij^eratures, a.nd the arcing produced w'ould soon 
burn out the winding. ^ ' 

Furnaces for Testing I^fractories.* 

An important ap])lieation of electric furnaces is 
in determining the softening points and compressive 
strengths ‘of n'fractory materials at high tempera- 
tures. For this jnirpose furnaces eajiable of attaining 
temperatures up to I.StHP* (*f and over a re’ necessary. 
The furnace illus^rate(^, in Fig. 4a was devised by 
Mr. Fdgar A. (Irittiths and* the writer for testing 
refractories. • > 

This furnace is of the* carbon tube type contained 
within a s|jieet-iron easing, 12 in. in diameter by 
about 12 in. in length. The two ends are made of 
asbestos (amiposition material, so as to obtain 
electrieifl .insu^jition for- ^iie electrodes, etc. The 

* Tlie.‘ie»’iot<\‘(, from p. 108 to 121 mclu.sivo, are foproducoiAiy 
|)onuission, with rovis^ion and additions whero necessary, from 
the author’s article on “ hilectric Furnaces,” in tlie Beama 
Journal, Vol. TX, 1921. 
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carbon tube C is 2 in. outside diameter and 1| in. 
inside diametep* c^id, to admit of temperatute 
observations on the ‘specimen, a in. slot is cut 
nearly the whole length of the tube. The reason 
for making a slot and not a round hole is ij© obtain 
uniformity i«4.the resistance of Ihe tube throughout 
its Icngtli.^ Around the tube is packed a thick layer 
'of lamp black and outside this a layen of magnesia 
asbestos lagging. Jif the construction of the elec- 
trodes tw(V copj)er tubes were bent into a zigzag 
form and white metal cie^t around the tubes, thf^ 
mould being formed of strip iron with ? piece of tjie 
carbon tube as core. Each electrode was cast in 
two halves and'with care the casting obtained would 
fit Uic carbon tube; exactly, so there was no need 
for machining the metal faces. , 

The specimen of refractory matbrial is tested in 
the shape of a cylindrical block, abou't I in. in length 
and .1 in. in diameter. This is placed between two 
carbon rods and pressure applied by the an’ange* 
ment shpwn in Fig. 45. ddie magnitude of the 
pressure, which is adjustable up to 150 lb, per sq. in., 
is measured on the sc.^le //, while the whole arrange- 
ment is carried on the cross bar K, winch can be 
swung around oAe of the furnace pillars in order to 
obtivin access /o the furnace interior. 

< 

Arc Furnaces. 

The earliest record we have of arc furnaces being 
used on a large scale for metallurgical experiments, 
is that of Siemens in 1 880 ; later of Siemens ftnd 
Huntington, ^vhen they rfelted 20 lb. of steel in one 
experiment and 8 lb. of platinum in another. *• 

The subject <was taken up later by Moissan, 
who started out with the object of manufacturing 
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aj’tificial diamonds. His work, however, contri- 
buted largely to our knowledg/^ of* carbides and of 
the chemistry of materials at high tem])(watures. 

The form of are furnace em])loyed by Moissan is 
extremNy simjile aud is illustrated in^^ig. fb. Two 
blocks of limestone A and B are hollow e(l out. The- 
lower block contains the crucible which ?s ina(h'j)i 
carbon. Tlfe jw'c; plays between the car))oii elec* 
trodes and the heating is ('iT(‘(^t(‘d by radjatiou fnun 
the surface' of the cavity in the upjx'r block. The 
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difficulty is to obtain any Vnatei^ial to stand the 
temperatures s lime, quartz, and aluyiina me'lffand 
boil at the temperature attaiAcd. 

Induction Furnaces. 

yhe induction furnace is ])ractically a transformer 
with a secondary of a sh^le turn, this being in 
general a bath of molten metal. 

fho idea of a furnace on this principle appears 
to be due to Ferranti, while coasiderable develop- 
ments of this type were made by Kjellin. The 

, 8— (5380) 
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fiiiiflamontal principle of the fimiace is illustrate^ 
hy Fig. 47. *• 

A ])riinaj*y P is wound around the central limb of 
the ianiiiiat(Ml iron transformer, of which one side 
is r(‘mov*tl)le. This primary is composed of* copper 
. tubing throii|^ft whi(4i a stream of water is circulated. 
Jh^ seeoirlary S consists of an afiiiular trough 
containing* the metal 
charge in the form of 
a continuous ring. 

Tlie {id vantages pos- 
sessed by % furnace #f 
this ty])(* are that there 
are no electrodes to con- 
taminate the charge ; 
the hept is* uniformly 
genefatod in the ma- 
terial ; and there is 
also no danger of con- 
tamination by furnace 
gases. 

In til is last respect the furnace is superior, even 
to a closed c;rucibl(‘, sipcc it#is impossiblodn practice 
to avoid some furnace ^gas entering a crucible in an 
ordinary furnace. N 

Tlfb inducti«>n furnace finds its ^rhief application 
commerdiaDy in the nfhnufactiire of high-class tool 
steel of a ^didinite composition. The primary can 
be designed to take any voltage and Values as high 
as 6,000 volts have been employed. The disadv^- 
tage of'tjhe furnace is th^the annular channel has 
to be very long compart with its cross-sectional 
area in Order to obtain sufficient electrical resistance, 
and consequently* there is loss of heat by radiation 
and convection. It is also necessary to provide an 
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iiir space between- the ])riinarv and secondary, and 
in co'nsequcnce the furnace ddi's not form a very 
effective transformer, the power factor. iMTomiti^ 
smaller as the furitace becoim's larj^er unless tlu? 
frequen?y of the cuy-eiit is correspondingly naluec-d 
This necessitat(‘s a g(*nerator of low j>enodicity. 

• 

High-frequeacy, Induction Furnaces. 

Dr. Northru]) has d(‘V('loped a ru'w fori^i of funiac(* 
based on the induction ])rin(‘i|)le. 

The ordinary induct i(tii furnace, ojy-ratiiig on 
emninercial Su])ply fnapiencies. consists esscmtiaily 
of a ste])-do\\n transfornu-r , tlu' secondary l>eing a 
closed looj) of one turn. 'Phis single turn is usually 
molten nudal eontaiiuMl in an annular troug^i of 
refractory •niatej'ial, tlirough which is looped tht* 
iron core of tlr - transfoiim-r. 

Northru]) showi-d that b\| (-mploying curnmt of 
high freqiH'iicy tlu- us(‘ of the iron core b(‘comes 
urmecessary, and all that is n-quin-d is that the 
primary winding should (-ncirch- the <*riicibl(‘ of 
metal to be heated. With a frequency of 20,000 
cycles p('r •second, tin-* powi-rful imluctivc^ (‘fha-.t 
causes a rajiid rise of tenqieyiturc; in tin- material. 
For furnaces under lOUhW. capacity the .source of 
high-frequency cyirrent is the (►scilla^ory (liscffarge 
of a bank of condensers. By ^irojierly jiroportioning 
the capacity ancf inductances of tin* ^oscillatory 
current circuits, the desired frequency is rearlily 
ob|ained and the electrical connections for^ single 
phase operation are showi^in Fig. 4S.* • * 

The line current may be supplied at any jjressure 
from 100 to 500 volts and at about 60 cycles fre- 
quency. The transformer stops up the E.M.F. to 
8,000 volts. A bank of condensers is charged *at 
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this voltage and upon rupture of the gap osciJlationg 
occur. 
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ElEC'^IICAL ClROlTlf^ OF THE XORTHRUP 

High-frequency Induction Furnace. 


The current with free high-frequency oscillations 
passes through an “ inductor ” coil which surrounds 
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the crucible or iuass to bo lieajod. When non- 
coiulucting inakTials arc to l^e heated, tlio eriieible 
itself is made of electrical conducting material and 
the lieat generated ui this. 

The “control ov'#r the heating i:^ ^obtained by 
means of the reactance coil shown. 'Fhe otheuM 
reactance, connected in shunt to the line on^jLlu^ 
})rimary safe (i the transfogiu'r, serves to adjust 
the power factor of the line to j)raetieal vnity. 

• The })ower which tlie furnace w ill absorb is exactly 
})ro])ortional to the nihnber of eoiaV'User units 
t^mployed, and calculation and (‘.\p(‘rimet)ls show 
that for a condenser unit 12 x*lb X I.’Hn., of 
capacity ()'()7 microfarad, l-o kW. ))er unit can easily 
be obtained. About sixt<*(‘n condensers wouVl be 
required lor a <2(^k\V. furnae(‘ outfit. It is stab'd 
that not less than of) to 00 p(‘r e(‘nt of the ))ower 
draw n from th(' mains apj)ea|’s as heat in tlu* ei ucible 
and its contents. 

The discharge* ga]) is an essential eh'mejit of the 
outlit and exhibits some novel features. ’It has no 
moving ])arts and consists of two graphiti* el(‘ctrodes 
{three fox' two-phase * 01 ’ t4ire(‘-])hase operation) 
opposed to a level surface of jnerciyy. d'lu* nu'rcury 
is contained ^in a cast-r/on ])ot an<l tin* l(‘vel of the 
mercury is made adjustable* from •without. The^ 
electrodes with graphite tips proje('b through the 
cover, which iy made elej.sely fitting so as to minimize 
noise. The gap is founel to operate be*tter, anel the- 
siyface of the mercury to ke*ej) cleaner, ifjilcohol 
is dropped into the charr^er at about fiftten drops 
a ij^inute. ^ 

It is stated that, eventually, ^with the further 
development of the Alexanderson high-frequency 
alternator, this discharge gap will be diHi)ensed with, 
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since with this type of generator ‘it is believed, thai 
efficiencies as high Vs 00 to 93 jier cent can be 
obtained. . 

As to the jiossibilities of the ’furnace, it is stated 
tliat nick(d (jj^dting point 1,4521° C.) can rcddily be 
—fused. 

,.ll[ie of thejiroposed large-scale ada])\ations of this 
furnace is for the retiyition of the lusit in the steel 
ladle. In this ca.se the inductor coil would be 
embedded in the refractory lining of the ladle. 

The higlyfrecpiency induction furnace has been 
used for lieating roller-bearing rings belore hardeif- 
ing, the desired quenching temperature being 
reached in a very few minutes. No crucible was 
required, the energy lieing generated directly in 
the rings. , , 

Tor scientific purposes the furnaefc promises to 
be of utility, for by itsfaid refractory alloys can be 
prepared without the danger of contamination from 
carlion, as is the case with carlion tube or arc 
furnaces. * 

Northrup .states that tests have shown that a 
uniform temperature <ff l,{fl)()° C. can bb obtained 
throughout the yoluive of a cylinder 0 in. in 
diameter and 12 in. long, with a 20 k\Y. outfit. 

Vacuum kathode Ray Furnaces. 

Wartenb^rg* has constructed a special vacuum 
furnace for determining the melting point of tung- 
sttni. As this melting point is above 3,000° C., ti\e 
only resi.stancd material came into consideration 
was carbon which, however, could not be u^ied 
because *tungsten^ react'd chemically with the gases 

* perichte der DeuUichen Chem. Ges., Vol. 40, 1907. See also 
Parsons and Swinton Proc. Roy. Soc., A., 184. 1908. 
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developed by the glowing carbon. Wartenber^ 
solved the problem fty using the heating effect on 
the anode pf the discharge in a Geissler tube. As 
the evacuated tube has a liigh resistance and a 
strong current is necessary to giv^ the required heat 
Jtp tlie anodt^*a Wehnelt cathode is employed to 
s uppj v the* electrons. ThiJi cathode consists of a 
platinum sheet heated electrically to white heat, 
when it emits a copious stream of electrons. The 
action is considerably increased, if the platinum is 
covered witl^ lime, by repeal*ed painting with calcium 
nitrate solution ancl heated to redness.* Generali/ 
the strip of platinum sheet (1 cm. wade C cm. long, 
and 0*04 mm. thick), is fastened between two small 
copper tubes, which conduct the current and are 
water-cooled. The strip is heated by, an afteriiating 
current of 2r)am]). and 2*5 volts to alA)ut 1,300'" C. 
At this temperature 2 jto 3 amp. per sq. cm. of 
cathode surface may be sent through the vacuum 
tube. For this particular case the current is 24 to 
36 amp. The anode consists of a 4 mm. diameter 
iron wire (iron is chosen because it is comparatively 
a bad conductor of heat), wlfich is insulated almost 
to its extreme cn(^ by ^ glass tube drawn over it, 
and on which a magnesia tube is cemented with 
water glass. Tke compressed stick pf tlie tungsten 
to be melthd is placed in* this tube. 

In order tjiat the furnace may be taken to pieces 
easily the copper pipes and the iron wire are not 
cemented into the glass tube forming the furnacg 
jacket, but intq the remoV^le stoppers (w’hich are 
covered inside with water-glass magnesia cement 
and outside with sealing wax). To start the furnace 
the air is pumped out to 0-01 mm. pressure, the 
cathode is heated to white heat by means of a 
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•urrgnt from the' trausformtT^ aii^l tlien the main 
current from the 110 volts direct currcMit circuit is 
gradually increased until it readies 20<imp. Tlio 
fall of jiotential of about 40 volts inside tj^e tuh(‘ is 
concentrated almost entirely on the ^ij^ode, so that 
here a considerable amount of ciu'rgy (aliout S0(^ 
watts), is trjinsformed in\o heat \vithiu aVcry 
space and rapidly melts the tamgstcn which may he 
raised even to its boiling point. In onJ#r to observe 
•the melting, a glass observation window is ceiiKUiti'd 
into the narrow end of tlTe tube with nuvine gha*. 

* Fischer* !ias modilied this furnace into a form 
resembling an X-ray bull) (Fig. 4<>). A three-litre 
glass sphere with three openings serves as a vessel, 
and in the threi' openings thri'c i4eetrode holdei^ are 
inserted. *Thet.l(pver holder contains the tungsten 
as anode, the upper holder in like manner tlie 
tungsten cathode. 4.die latttr plays the part of th(‘ 
Wehnelt cathode and for this purpost* is I'oviuvd 
with calcium and barium o.xidi*. Both (‘h‘etrode 
holders arc cooled with wat(*r. I’hrough the side 
tube a small auxiliary cathode is introduecal, also of 
tungsten. ' The eomimfors leading to th(‘ tungstiui 
poles are carefully insulated Vom tjie glass by quartz 
magnesia tuljes and cemented in w ith sealing w^ax. 

In later ex|x;riments F^^elier l)hilt a similar 
furnace of pure c(;})])er of 20 litres ea|)aeity, in which 
the anode ai\fl cathode were luirizont*! and the 
auxiliary cathode vertical. 

^ Zeitschrift /. Aiwrg. ('hem . Vol. Si, p. 1 191.3.^ ^ 
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